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pycnidium formation of plenodomus fusco- 

MACULANS.' 

By George Herbert Coons, 

Research Plant Pathologist, Michigan Agricultural Experiment Station 

INTRODUCTION 


The experimentation reported in this paper was begun at the botanical 
laboratory of the University of Michigan in 1913, continued at the Mich- 
igan Agricultural College during the next year, and finally completed in 
1915 at the University laboratory. . 

The fungus Plenodomus fuscomaculans was obtained from badly 
cankered limbs of the apple (Mdus spp.) which were sent to the Agri- 
cultural College laboratory in March, 1911, from Boyne City, Mich. 
Examination of the cankers at the time of receipt and field studies during 
the same month showed that the trouble was different from any of the 
described apple diseases. The cankers showed constant association with 
a pycnidium-forming fungus. This organism was obtained in pure cul- 
ture from a single spore, and the causal relation of the fungus to the 
canker was proved by repeated inoculations and reisolations. A study 
of the organism, both on the host and in pure culture, showed that it 
was a Phoma-like member of the large group Sphaeropsidaics, and it 
corresponded to the species described by Saccardo as Aposphaeria 
juscomaculans. 


The pycnidia, however, show morphological characters by which it is 
possible to segregate this fungus from the larger, poorly defined genus. 
These characters, which may be found in the materia! from the host, be- 
come very pronounced in culture. The pycnidia are more or less irregu- 
lar in shape. The fruiting layer is usually folded so that the chamber is 
recessed instead of being smooth and regular. The pycnidia are beaked. 
The wall is coniposed of two distini^ layers and is complete, even at the 
basal portion. It seems proper to' emphasize the morphological charac- 
ter of the wall. Accordingly, the removal of this species from the genus 
posphaeria Berk., and the placing of it in the gdnus Plenodomus Preuss, 
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is proposed. The name of the fungus becomes, under this arrangement 

Plenodomus fuscomaculans (Sacc.), n. comb.* 

The present paper deals wholly with the physiological phase oi my 
investigations, the phytopathological studies being reserved for another 
paper.“ 

The problem consisted of the investigation of the relations of tk or- 
ganism to the environment and the fitting of the environment to the 
organism— a marked reversal of the common practices in culture making, 

HISTORICAL REVIEW 


The history of the cultivation of micro-organisms is linked with the 
history of bacteriology and mycology. Progress in these seiencK has 
been largely due to the clarifying effect of pure-culture methods, lliese 
originated with the discovery of the method by which media could be 
sterilized. It is a significant fact, and one which can be traced to the 
influence of these early experiments, that the solutions and materials 
used in the first crude cultures were the highly concentrated vegetable 
and animal decoctions and infusions which experience had shown to be 
highly liable to putrefection. Mycology made great advance when, 
utilizing the newly discovered methods of isolation, the various groups ol 
organisms were brought into pure culture by such masters as Brefeld, 
De Bary, Hansen, and Zopf. The earUer methods are in vogue to-day 
in the great bulk of raycological or applied work. In the cultural work 
of these pioneer studies nutrition was the only factor to which consistent 

attention was given. . 

The influence of other factors than nutrition was recognized early, but 

the methods of culture were varied but little to fit these conditions. 
Pasteur (i860’ showed the difference between aerobiosis and anaero- 
biosis, but this distinction long remained obscured by the ^ 

felutation. The oxygen relations of fungi have been neglects ih to 
ordinary cultural technique, since most fungi tolerate the cond^i^* 
riie plugged flask or test tube. The sharp temperature requireme rf 
some animal pathogens focused attention upon this ^ ; 

and accordingly incubators and devices to “UsU P 

were developed. .But there has been wide neglect of this facto ^ 
. bacteria grow best in a medium slightly alkaline advantage' 

medium slightly acid and that this oiganisms 

in isolation early became dicta of the scienc . 

takes place within such wide li mits m compositn m^f^^^bu^^,,^ 

. A of Ce ouffphology ol ibi. Iuogu5 1“ 

tiirein this coimectiofl, withonly asumnuryol « t, Iaov nf the „dhas 

may be looted to tor a more ^ of tta Uoiversity oi c,|. 

! The phytiolotical wort was sojseated g^sey, of the Mich«.o M 
been done under hia dti ecoon. I am also mdebled to Ot. 

r-ee, for advieeartd help 

» Bibliographic ciutiotis m pareathescs f« 
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tinder such a range of conditions that accordingly these environmental 
foctors have been neglected in culture work. 

The emphasis placed upon nutrition has developed a great body of 
facts regarding media in which organisms will grow and rules for the pre- 
paration of the media. These compositions have the common character- 
istic that for the most part they present highly concentrated food sup- 
plies so complex as to defy analysis. The list includes beef infusion, 
pmne juice, wort, Nahr solution, bread (plain or soaked in sugar solu- 
tions), vegetables of all kinds, and the long list of nutrient hydrogels. 
These media have given excellent vegetative growth; but if the common 
molds are excluded, it may be said that on the majority of media fructi- 
fication is the exception rather than the rule. 

In recent years many kinds of fruits, vegetables, and other biological 
products have been tried, either directly or as a base for a nutrient 
hydrogel. Some of thes? have produced fructification in forms which 
had previously grown only yegetatively in culture. Notable examples 
are com meal, or com-meal agar, which in the hands of Shear (Shear and 
Wood, 1913) and others led to an unraveling of the Gloeosporium com- 
plex, and oat agar, which in the hands of Clinton (1911) solved the 
historic Phytophthora infestans difficulty. 

The complexity of the vast majority of combinations used in con- 
temporary research, however, does not permit the analysis of the con- 
tributing factors which lead to fructification. The net contribution, 
therefore, toward a final analysis, which would furnish a key for unlocking 
closed approaches with other organisms is small, and further advance, so 
far as indicated by such work, must be by the same wasteful method of 
haphazard trial. It is known that organisms will grow under a vast 
assortment of conditions, but very little is known of the conditions 
which call out any particular phase of development. 

Our knowledge of the physiology of micro-organisms has largely come 
from a study of their behavior under controlled conditions. The very 
analytical nature of the type of research used in the study of metabolism 
has made its methods in sharp contrast with those just described and 
has made possible evaluation of the various factors involved. The pure- 
culture methods just discussed and researches on the metabolism of 
imero organisms have progressed side by side, and only slightly have the 
asic principles of the latter been influential in determining the course of 
t e former. The art of cultivating organisms has indeed been developed, 
ut this work is almost wholly empiric; although there is a mass of funda- 
t ^**^*^^ dealing with metabolism and with the reactions of plants 
u eir environment, these for the most part are totally ignored in ordi- 

ry culture methods (Benecke, 1904; Behrens, 1904, p. 436-466). 
nat effects of various factors upon the metabolism of fungi 

It ^ made first with the nutrition of the micro-organisms, 
as essential that the work be done with synthetic media; and along 
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with the development of the various synthetic cuUure solutions ou, 
knowledee of the nutritional requirements of mieio-orgamsms has 

arisen (Pasteur, 1858, Raulin, 1869, Nageli, 1880) 

The gradual extension of the point of view of physiological tesponse 
may be considered a guiding principle in cultivating organisms, and alter 
a neriod of more or less accidental or random application of specitc 
environments to influence growth or repri^uction, a definite method 
based upon this teaching has been developed. Roux and Lmossiu 
fiSoo) with the animal pathogen, Dematium albicans, secured matted 
Ltions to specific environmental factors, especially nutntmn and 
oxvven At the same time Winogradsky (1891) began Ins well-known 
wrk with the nitrifying organisms which he isolated by his method of - 
« elective culture.” This method, which consists essentially cf so estab- 
lishing the environment that only organisms of the desim type areaMe 
rielop, was carried to great perfection by Beijermck (190,) wit his 
sLuar 'intensification” method. The bactena and algs ivith which 
Bdicrinck worked required or tolerated different amounts 0 free ox^en, 
rent nutrition, especially mineral salts, and d.fferen tempera ures, 
Srinck used th«e ^fferences as a means of isolation of various forms 

from a coinplex l,is worsen algae and fungi in pare 

f mrX wi conLed with grU, Rkhs (1896) 

K th. 

in the reactions to environment a followed by the organism 

„ b. l«c«l “ J,, 

. conditions inaugurate y ^ effects, 

ditions which work through their abihty ^ -t up 
From this line of reasoning it was ^Venvironment workiu? 

development of an organism of rte en ^ ^ 

upon Lfinite internal potenUahties f the same 

work : ' . . orgashms depend 

.,Omwlhandreprodactl».e^p;^f-S^ 

are present, reproduction does not *t 
are always more or less u nfavorable to 
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3. Growth and reproduction differ also in that the working limits of the general 
life conditions, temperature, oxygen, etc., ac: narrower for reproduction than for 
growth. On this account growth can still take place, even if reproduction he limited 
through too weak or too strong influence of some factor. 

4. Growth appears mostly as a preliminary for the initiation of reproduction, and, 
therefore, as an inner condition for it. Up to a certain limit, not directly growth, but 
the longer assimilation period is determinative. 

From this point of view all the factors which influence life may be 
considered, and from the basis of the knowledge of their effects on 


growth, the ultimate effects of these factors upon reproduction may be 
predicted more or less accurately. This Klebs (igoo, 1904) has done 
in the summary of his contributions to the physiology of reproduction. 
' Smee that time research along this line may be divided into two types 
of endeavor: (i) Extending the groups to which the laws may be shown 
to apply and (2) the critical testing of the conclusions witli the very 
organisms with which Klebs worked. The former has extended the 
limits so that none of the great groups of fungi or algs are without 
many examples of the application of the conclusions. The work of the 
second type has opened up new points of view. Klebs in his experi- 
ments used a single strain, and the common experience, in repeating his 
experiments, is failure until the limits and life relations of the particular 
strain at hand are known. Accordingly, Kauffman {1908) has empha- 
sized this point in his work with the same species of Saprolegnia that 
Klebs used; but where Kle^s worked with one strain, Kauffman used 
two additional ones; and with this number of forms, each an entity and 
each varying from the other, Kauffman was able to show that within the 
limits of each the conclusions were valid. This work emphasizes a 
point which Klebs has made for his various forms, that each is a specific 
potentiality, but it makes the specific potentialities innumerable in 
their scope. » 


The particular organism with which I worked was one closely related 
to t e large genus Phoma. This group, although containing many 
species, some of great economic importance, had received little attention 
roffi a physiological point of view. There have been no attempts to 
es he validity of Klebs’s conclusions for the Sphaeropsidales. 
emetz (1907) isolated from the roots of species of Vaccinium and 

dud^T* ^ ’^eing mycorrhiza-pro- 

meHif organisms were grown in pure culture on synthetic 

detprJ,-ru relations to oxygen, nitrogen, and mineral salts were, 
tion of "ih sensitive to a restric- 

nitroeen S’rPP'y. especially when growing in a medium poor in 

nitroeen shown to have the power of utilizing 

hetae^ ^ claimed the same for Phoma 


Thienemann (1911) cultured a species of 
rom water, and although they secured pycnidia in a few 
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instances, they were unable to determine the conditions under rvh ' 
fruiting bodies developed, but they surmised that probably the 
food supply was the causal relation. 

Other related genera have been studied more or less, and det i 

4.1 4.U £^.1*. 1 1.. £ 


accounts of the growth and fruit-body formation of several 


species of 


Phomopsis on the ordinary laboratory media have been given (Robert 
1913: Harter and Field, 1913: Harter, 1914.) ' 

Plenodomus destruens has recently been described by Harter fi 
who has cultured the organism upon the ordinary laboratory media and 
has determined its optimum temperature. For the most part the above 
mentioned articles, written from a phytopathological point of view have 
used the pure culture as a device for furnishing material for pathogenic 
studies, and the description of the organism in culture is largely for 
diagnostic purposes. 


METHODS OF INVESTIGATION 

As Plenodomus fuscomaculans had shown no form of reproduction 
under the ordinary methods of culture (see p. 724), it seemed to afford an 
excellent opportunity to try the effect of various environmental factors 
as a test of the applicability of the methods of KIcbs to phytopathological 
studies. 

Tlie strain of the organism used was the progeny of a single pvenid. 
iospore, isolated by the dilution method. This strain had been tested 
and was known to be pathogenic to apple. In 1913 another isolation 
was made from a second collection of material, and a second strain 
obtained and similarly tested. In all later work both strains were used 
in all experiments. Aside from slight differences in vigor of growth, the 
cultures gave the same reactions. 

All experiments were made in duplicate with each strain; hence, the 
experiments reported give results which are a summary from the record 
of at least two, and, in most cases, of four parallel cultures. 

The glassware used, unless otherwise indicated, was the ordinary 
German glass. All glass culture dishes, when other tlran tap water nas 
to be used, were cleaned by immersion overnight in cleaning fluid, fol- 
lowed by four rinsings of tap water and one rinsing of distilled water. 
When water of a higher purity than ordinary distilled water was to e 
used in the medium, the vessels were given an additional rinsing wit t e 
purer water. 

The most commonly used culture dishes were small glass prepara 10 
dishes, or capsules, of about 35 c. c. capacity. These had a oose 
fitting cover which rested upon a shoulder of the bottom. 

The chemicals used were those of Kahlbaum. Solutions 0 
chemicals were made up as weight-normal solutions (i 
in gmms in i liter of water); and where chemicals 
crystallization, this jvas added in computing the molecu ar we 
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Xhe various nutrient media mentioned were made according to the 
ordinary formulre. Prune-juice agar was made by using 75 gm. of 
pmnes with 20 gm. of agar per liter. Pea, corn, and oat broth were made 
by autoclaving two seeds or grains of each in 10 c. c. of distilled water. 

The tap water used in some experiments had a conductivity of approxi- 
mately 400 to 6ooXio~®, while the conductivity water averaged 2X 
10-' at the time of preparation. This water was obtained either by 
distilling ordinary distilled water in a block-tin still or by double distil- 
ling such water in Jena glass. As is generally recognized, ordinary dis- 
tilled water varies greatly in quality, but the conductivity of the distilled 
water used was probably within 4 to leXio”®. 

The filtewpaper used was Schleicher and SchulTs, and, unless othenvise 
given, was No. 595. All media were autoclaved at approximately 15 
pounds for 10 to 15 minutes, unless otherwise stated. 

Inoculations, unless specified otherwise, were made with one drop of a 
spore suspension obtained by crushing pycnidia in a water blank. This 
was then filtered through a filter paper into a sterile test tube. The 
filter paper was sterilized in a test tube drawn out to make a funnel. 
This gave a device by which large masses of mycelium and pycnidia 
walls could be strained from the suspension. The spore suspension was 
added to the various cultures by means of a sterile bulb pipette equipped 
with a long, small-bore outlet. 

EARLY EXPERIMENTS WITH ORDINARY LABORATORY METHODS 

The organism brought into pure culture was grown upon ordinary 
laboratory media. This work was done in the spring and fall of 1911 at 
the Michigan Agricultural College, at a table at the rear of a large labora- 
tory lighted from one side. Cultures were made in Petri dishes, flasks, 
and test tubes. Standard agar, prune-juice agar, apple stem and bark 
agar, apple twigs, parsnips, corn meal, potato, carrot, bean pods, beef 
broth, and filter paper, without other nutrients, as well as with various 
nutrient solutions, were the media employed. Cultures were grown 
under a variety of conditions, such as room conditions (test tubes in 
cans or in wire baskets), in the incubator at 25° C., and in the ice box at 
temperatures ranging from 7° to 13°. A few cultures were grown at 
37-5 ■ On all the media mentioned growth was obtained, witlfcore or 
ess diSerence in color or vigor, but in no case were fruiting of 
an) sort produced. In some cases the cultures w'ere allowed to ffy out 
gra u y, in ojjjgj. sterile water was added from time to time, 
cu^h ^ abundant water supply, were set away in a 

the t°^^ months in an attempt to secure fruiting bodies in 

rema^H onored way. In spite of this variety of trials, the organism 

rpn^ ."j ■ ^ sterile fungus,” of w'hich a number have been 

■reported m literature. 
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But the organism, when inoculated into the host, gave characte ' 
lesions and typical pycnidia from which the organism could '' 
isolated. These reisolations were repeatedly tested, with results paran^ 
to those obtained from the parent culture. Certain fungi— e g 
spkaeria ribis and Rhizoctonia spp. — ^are known to fruit exclusively ' 
the host, and evidence seemed to point to this organism as one 01X1 
type. 

EXPERIMENTS UNDER CONTROLLED CONDITIONS 

In 1913, experiments were begun at the University of Michigan labor 
tory. In this work an attempt was made to find the effects of vani 
environmental factors, or, in other words, to analyze the formative is 
well as the inhibiting factors involved in growth and reproduction 

CONDITIONS FOR GROWTH AND REPRODUCTION 
Physicai, Facioks 


The influence of light upon organisms has been recognized for a lony 
time. Fries (1821) and the early authors attributed great morphogenic 
power to light. They found their greatest substantiation of the effect of 
light upon organisms in the excessive growth of mycelium in caves, 
accompanied, as it was, by the suppression of fructification. The litera- 
ture is full of these observations, many of which are quoted by Elfiing 
(1890). Scientific experiment with light as a factor influencing growth 
and reproduction of fungi began with the classic studies of Brefeld (187-, 
i88r, 1889) on Coprinus spp. Brefeld found in some species a complete 
suppression of fructification when cultures developed in the dark; iti 
other species fructification took place, but the growth was puny. In 
some the high temperature of the summer replaced in part the beneficial 
effect of light. In a set of interesting experiments Brefeld showed that 
the exposure of mycelium to light need not be long (two to three hours) in 
order to have fructification begin, and that cultures so exposed developed 
normally, although in the dark. The work of Brefeld substantiated that 
of the older observers. Lakon (1907) has attempted to show that the 
action attributed to light is really due to transpiration differences in the 
cultures of Coprinus spp. 

Downes and Blunt (1878) had previously experimented with the effect 
of light upon bacteria and found that it had a very detrimental effect upon 
these organisms. This they attributed to the action of the ultranokt 
rays in augmenting oxidation, a property of light long recognized y 
chemists. Their conclusion was later substantiated by Ward (iSpi)' 

Elfving (1890) gave the results of his experiments with light in a 
graph on the subject. Searching the literature, the only imp® “ 
experimental work found was that of Brefeld (1877, 1881, 1889) 
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mentioned. Many had studied the effect of light upon germination, but 
the varying intensities of light used, etc., yielded nothing in the way of a 

generalization. 

Elfving (1890) sought t#find the influence of light upon metabolism. 
He used cultures of PenicilUum spp. and a related fungus [Briamea sp.) 
growing in a synthetic solution. He used several sources of carbon and 
nitrogen. Basing his conclusion upon the dry weights obtained in the 
light and in the dark, he decided that light acts upon fungi as an inhibitor 
of organic synthesis. The closer the food material is to protoplasm in 
its make-up, the less the hght inhibits. This produces the result which he 
finds analogous to conditions in the higher plants— that light restricts 
vegetativergrowth. Elfving, in view of the great similarity of fungi in 
their physiological relations, boldly makes his conclusions apply to the 
whole group of fungi. 

Lendner (1896) tested the efifect of light upon species of Mucor, 
Botrytis, Amblyosporium, and 'Sterigmatocystis, finding that light was 
effective only under conditions of unfavorable nutrition. 

Finally, in the experiments of Temetz (1900) with Ascophanus carneus, 
asci were produced only under the influence of light. 

Light is seen to be a factor of widely varying importance .or organisms, 
although the effect on vegetative growth is commonly shown to be pre- 
judicial. For some it is a morphogcnic factor of great influence; for 
others it is of no moment. 

Pure cultures of the organ.sm on prune-juice agar and on parsnip had 
been brought from the Agricultural College laboratory, At Ann Arbor 
these cultures began to produce pycnidia in a few days. When analyzed , 
this striking behavior showed that light w’as probably the factor concerned 
with the fruit-body formation. The following experiments were started 
to test the validity of this inference. While work at the Agricultural 
College had been done some distance from the window (25 to 30 feet), 
the cultures at Ann Arbor were placed a few feet from a south window 
in strong diffuse daylight, and at times in direct sunlight. 

Experience had shown that the organism would make a fair growth on 
ter paper. Filter-paper disks, about 5 cm, across, were folded to form 
Mues, and these were set up in 10 c. c. of tap water in preparation dishes, 
ese were autoclaved. To some, one drop (1/20 c. c.) of a sterile Mji 
enu^ was added, as indicated in Table III. The preparation dishes 
were inoculated with a mycelium suspension, and were placed in tall 
in^ covered with filter paper. One set of cultures was placed 

rf'ff cupboard, while the other was left upon the table in 
lishHh t '1!^ Thermometer readings showed at times of strongest 
thn« ^ cultures were 2 degrees centigrade wanner than 

m e dark. Readings were made in nine days. 
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Tablb I. — E^eci of light: Tests with filter paper (readings in g 


Filter paper in light. 
Filter paper in dark. 


Number of 
pycntdia, 


Growth, 


4-J- 


1 In tables where a single plus symbol (+) is contrasted with the negative sign (— ) pres«> ' 

is meant. W^cre a series of readings is given and several plus symbols are used with referenr^t^^ ^tisent? 
production, they give the average of two and at times of four readings, as follows: 

++= 10 to ss: +++ = 25 to 50; -b++4- = ICO. As applied to growth the same plus 

spectivcly, scant, fair, good, abundant growth. ’ re- 

* A trine stronger than above. 


The cultures which had been in the dark were exposed to light about an 
hour at a time, when the reading was made. A second observation after 
27 days showed the following result; 


Table ll.^Effeci of light: Tests with jilier paper (readings in 2j da-^s) 

CoQciicioas. 

Number of 
pycnidw. 

i 

G.towtb, 


+ ' 

Sclerotia. 

+ + 

Filter paper in dark (except one hour's cxposiue) 




These bodies, called provisionally “sclerotia,” when examined under 
the microscope were found to be minute brown bodies about one-tenth 
the size of the ordinary pycnidium and consisted of a firm, solid pseudo- 
parenchyma. 

In no case was any suggestion of chamber formation noticed; nor 
were any spores found. It is noteworthy that the growth after this 
longer period could be seen to be stronger in the dark than in the light. 

As part of the same c.xperiracnt, a drop of some sterile M/i chemical 
was added as indicated to a number of similar filter-paper cones, The 
results are as follows: 


Tablu III . — Effect of light: Pycnidium formation on filter paper plus various chmktb 


Chemical. 

9 days. 

27 day's. 

40 

1 days. 

' Light. 

Dark. 

Light. 

Dark. 

Light. 

Dark. 


Filter paper + approxi- 
mately 1^20 C. C. Oi — 




1 

1 



Calcium nitrate, 
CalNO,), Mil 

+ 


+ 

Sclerotia. 

-t- 

Sclerotia. 

Potassium acid phos- 
phate, ICH2PO4 Mji .. 




+ 

+ 


■f 

- 

+ 

“ 

Potassium nitrate, 





+ 

Sclerotl^' 

KNO3 M'l 

+ 

.... 

+ 

— 

Calcium acid phos- I 






phate, Ca(H2P04)2 
M/ 




_ 

+ 




i 


___ — 

— — 

- — 
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At the time of making the first reading, the cultures were exposed to the 
light for about an hour, and at the second reading they were exposed to 
strong diffused daylight for two hours. 

From a consideration of 0 ie experiments reported in these tables, it is 
evident that light is a factor xlirectly concerned with pycnidium produc- 
tion. There is also a strong tendency toward increased growth in the 
dark. 

The experiment has been repeated many times, with a great number of 
duplicate cultures (6o in one instance), and always with similar results. 
The following is a typical experiment. Preparation dishes rvith water dis- 
tilled out of sulphuric acid and filter paper and with water alone were 
inoculated with spores of each of the two strains of the organism. One set 
was wrapped in a double thickness of paper such as is used in photographic 
film rolls. The dishes exposed to light were set in glass battery jars on 
the window sill. The light was made diffuse by a sheet of yellow manila 
paper tacked on the window. The dark cultures were set away from the 
window in the interior of the room. The difference in temperature was 
the reverse of the conditions in the preceding e.xperiments, since closeness 
to the cold window more than compensated for the effect of the light. In 
this experiment after a month no pycnidia formed in the dark, while in 
every culture in the light numerous pycnidia were found. 


Table IVt Effect of hght: Test Toith two strains of the organism 


1 

Strain and conditions. 

P>'cn'dia. i 

Oronth. 

1 Licht. 

Dark. ' 

I Light. 

Dark, 

Strain I: 

Filter paper + water 

1 



-h-H--!- 

+ 

+ 

Double-distilled water 




Strain II; 

Filter paper + water 



-1- 

Double-distilled water. 










^ To avoid the criticism that the results observed were due to differences 
“ about by wrapping the capsules, or by the use of the 

ar doset, and to test other conditions of food supply, cultures were 
™ e with corn broth, and these were placed in a specially constructed 
? -tight box, which, however, allowed aeration. The box was made 
0 wo tubes of different diameters (y and 9 inches), one inside the other. 

ese e 3 'lmders were each 12 inches tall and toothed at the ends, A 
dhk for these cylinders. The caps consisted of a 

in 3-'' diameter, and a short cylinder 8 inches 

Paraffi°^^*^vi light-tight with black 

cans fiff • ™ cylinders were set up with the cylinders of the 

uig between them, light was excluded. The cultures were 
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placed in battery jars. The toothed tops of the cylinders allorvej 
circulation of air. For tests with light, the cultures were ordi i* 
placed in a battery jar and covered with filter paper or cloth to m t ^ 
them from dust. As a further safeguard fi#i error, however, a simiij 
container was made, but with celluloid substituted for black paper 
The result with com broth, after three weeks, is given in Table V 

Table V.—Efect of light: Test with corn broth in lighbtighl box 


Cooditioos. 

I Pymidia. 


Light in battery jar 

Light in celluloid chamber 

Dark in black-papcr chamber 

+++ 

++ 

1 Fair. 

1 Fair. 

Ftrong, 


From this experimentation it is evident that light is a determining 
factor for pycnidium formation in this organism, irrespective of the tj-pe 
of nourishment, and that the action of light is distinct from effects which 
might be attributed to faulty aeration in the darkened cultures. The 
slight depression of pycnidia formation in the slightly darkened celluloid 
chamber is significant. Growth is increased in the dark. 

Cultures on com broth, in both light and dark, were subjected to a 
variety of air conditions. Stoppered flasks were fitted with two glass 
tubes, one of which extended to the surface of the culture, the other 
merely through the cork. As indicated in Table VI, some were connected 
rvith the water pump and filtered air which had bubbled through water 
was gently drawn through. As a check, some flasks were left with no 
additional circulation, while some were plugged with cotton. 


Table \'l.— Effect of air circulation: Tat -with corn broth in stoj>j>ered flask 


(Time. I month 


Coiulitiont;. 

Pycnidr.i. 

Growth. 

Attached to aspirator; 





++++ 

Air only through small tubes: 

bight 

+_+ 

++ 

+++ 

Flasks plugged with cotton; 

++++ 




+4-+ 


L ■ 

^ — -- 


' The oeperiment was cgwtiniied a second month with no chanEC in Klative values. 


This experiment eliminates any possibility that the e ect a n 
to light may have come from faulty aeration or deficient 
The experiment further has significance from the point of view o 
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The production of sclerotia, as recorded in Tables II and III, after a 
short exposure to light, and the production of pycnidia in one case, where 
the exposure was not more than two hours, suggested that the exposure 
to light did not need to be long duration in order to produce its mor- 
ho^enic effects. The capsules of a preceding experiment, which had 
sho« no pycnidia after three weeks in the dark chamber, were divided 
into series, one of which was exposed to strong diffuse light on the window 
sill for two hours, while the other series was continued in the dark box. 
The exposed cultures were returned to the box, and after a week the 
cultures were examined. 

Table VII. — Effect of light: Continued test -with corn broth 


Com broth. 

Mature 
! pyaiiclia. 

Growth. 

Dark, 

0 

Aerial gTo^vth. 

Dark, light (2 houts), dark 

3-4 

Aerial growth checked, 


1 

mycelium matted. 


I 


Pycnidium production had not increased upon a second examination a 
week later. 

This experiment teaches that pycnidium formation is not only associ- 
ated with light, but that the effect of light is to inaugurate a type of 
growth which can proceed to completion even in the absence of light. 
But after exposure to light the number of fruiting bodies formed is limited 
and the process does not continue to the production of a large number of 
fmiting bodies, 

To summarize the results of this scries of experiments, it may be 
pointed out that light is a decisive factor, which determines, in certain 
cultures, whether reproduction takes place or not, and that the action 
of this factor is irrespective of the richness or the poverty of the sub- 
stratum in nutrients. As a inorphogenic factor, its action is to inaugu- 
rate fruit-body formation, but it is not essential to the process, once 
inaugurated. Associated with its effect in initiating reproduction, we 
have its repressing effect on growth. 

All subsequent cultures made with the organism had good exposure to 
strong diffuse light, unless otherwise expressly stated. 


TirMPERATURE 


1 as been said that the influence of temperature was very early 
^ecopiized in its influence on the life processes of fungi. Raulin (1869) 
n IS studies of Aspergillus niger grew the organism at the most favor- 
^“‘|^^““P«ature-33°. Wiesner (1873) very early formulated the 
glaucum by a law which took into account that 
s necessary for fructification did not depend wholly upon the 
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temperature at which a culture was placed, but depended also 
temperature at which the organism had developed, which is of 
way of saying that the process of fruit-body formation is a proce * 
depends upon the previous metabolism, andBhat conditions which s ™ 
the latter react similarly upon the former. The literature teems 
individual facts about the temperature relation (Behrens 
444-449). The temperature relation, better than any other,' shows th 
significance of the cardinal points in relation to life processes Accorf 
ingly, we have the generalization of Klebs (1900), that the limits per 
mitting vegetative growth are wider than those permitting fructification 
and this law is nowhere more admirably illustrated than in the tempera' 
ture relation. 

My early experiments with temperature are not applicable, because 
light was excluded. Experience had shown that pycnidia were formed 
at the ordinary limits of room temperature. Successful cultures on 
various sorts of media were made in the winter with the average room 
temperature, 20 to 23°, and in the summer with a temperature range 
from 25 to 30°, so long as the light factor was not neglected. 

A series of temperature experiments was made with the synthetic 
solution described upon page 752 in 100 c. c. flasks. These flasks were 
inoculated, and after three weeks’ growth in weak diffuse light were 
subjected to the temperature indicated. 


Table \lll.~~Effecl of temperature 


Tempera- I 
ture. 

How obtained. 

, Xumber 
of 

pycaidia. 

iBCTease in 
groviih, 

“C. 

6-6H ' 



Slight. 

Pair.i 


+ 



+ 

StroiiB. 



\ Coufitaat temperature incribator, outer door opes, glass door dosed. 

0 

Weak, 

Do. 






• pycnidia twgan to form after a week. 


The varying conditions in this experiment make necessary some inter- 
pretation for the clearing away of the apparent contradictions in the 
results. The absence of pycnidia in the 23° and 33° incubators, which 
is in seeming contradiction to the production of pycnidia in the sunimer 
time, or even at ordinary room temperature, was doubtless due to e 
fact that either the light was too much reduced or the air was dep e e 
of oxygen. That the former influence was not operative seerns e 
from the fact that cultures standing in battery jars upon t e 1 
bator had at another time produced pycnidia. The ‘^ator 
tained other cultures at the time of the expenment, and at 0 
doors were opened from time to time, the chamber a e 
strong odor of old cultures. The constant low-temperatur 
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hich was designed especially for this work seems free from this criti- 
rism since cultures placed in it before icing began developed pycnidia, 
This'incubator had two openings (i-inch diameter) to the outside and 
small fan, driven by a motor, which continuously brought about good 
aeration and prevented fogging of the doors. The constancy of tcm- 
rature during, the first week can be vouched for within the limits set, 
and for the next month no large deviation occurred. 

The lack of apparatus to give constant temperatures, and at the same 
time illumination and aeration, prevented any further experimentation 
along this line. Pycnidia have been obtained in cultures with a tem- 
perature range of from 10° to 30° C. No pycnidia were obtained at 6° C. 
and no other inhibiting factor than temperature is known to have en- 
tered. The experiments with the constant-temperature incubators are 
disregarded because of the entrance of other factors, but are included 
merely to show the difficulty of experimenting with this factor. 

The wide limits of pycnidium production, so far as temperature is 
concerned, allowed great leeway in experimentation; but outside these 
limits teirperature may show as marked an effect as light. It is note- 
worthy that growth shows wider temperature limits than reproduction. 

AERATION 

The oxygen relation is no doubt the most essential of all life relations, 
and the statement “No life without air” has been shown to be universal, 
the contributions of Beijerinck (1893), as well as those of Fermi and 
Bassu (1904, rgod), showing that even the strictest of known anaerobes 
require minute traces of free oxygen. The relation of oxygen to plants 
was recognized almost from the beginning, but the interpretation of 
respiration by Heffer (1889) is fundamental. In this we have respira- 
tion portrayed as the energy-releasing process. Subsequent work has 
dealt with the effect of various external conditions upon the respiratory 
quotient. Necessarily all respiration relations depend upon the quality 
of the nutrition as well as the quantity of nutrients. The general con- 
clusion which has been expressed by Beijerinck (1899), that all plants 
have a definite oxygen optimum and that aerobes are those whose optimum 
IS high, while anaerobes are organisms whose air requirement is low, seems 
to summarize most nearly the numerous ooiitributions. 

The limiting effect of scanty aeration upon reproduction has already 
been mentioned. Determination of the potency of this factor in any 
but general ways is difficult, because of other factors involved. 

Observation very early showed that greater pycnidium production 
took place in a capsule or Petri dish than in a plugged test tube, and 
at small test tubes were not so effective for pycnidium production as 
tger ones. Similarly, when capsules were piled one on top of another 
jn atbattery jar, pycnidia production took place in the top capsules 
fst, although in a few days or a week pycnidia were formed in all. 
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If a vigorous culture on suitable media (prune-juice agar or Mm-meji 
agar) was sealed with sealing wax no pycnidia were produced, even 
though comparison tubes unsealed produced pycnidia in abundance. 
Sealed tubes which had remained without pycnidia for two weeks had 
the sealing wax removed, and the pycnidiura formation was slowi, 
inaugurated. Com broth in capsules, if covered with a small bdl or if 
placed in a battery jar with a tight-fitting ground-glass cover, produced 
scanty mycelial growth but no pycnidia. 

Tests for aerotropisra were made rvith spores in melted agar. Melted 
agar svas heavily sown with spores of the organism. Some tubes were 
prepared with a lighter seeding. Small drops of these agars were placed 
on sterile slides and sterile cover glasses pressed down upon them. Other 
preparations were made with the cover glass tilted, as in Beijerinck’s 
(1893) well-known experiments. These slides were put away in a moist 
chamber for 24 hours at ordinary room temperatures. The residts of 
these tests were extremely interesting. 

Where the spores were numerous those at the center of the preparation 
showed no evidences of germination other than a slight swelling. Out- 
side the center zone germination became more and more evident. About 
5 mm. from the edge of the cover glass the germ tubes were found to be 
10 to 50 times the length of the spore. At the edge of the cover glass 
the germ tubes had extended outward nearly a half of a milliaieter. 
Where the spores were fewer in number the germination in the center 
sometimes proceeded to the extension of a short germ tube. There was 
no evidence of a definite tropism toward the border of the cover glass, 
but frequently the same spore would have sent out two germ tubes from 
opposite sides, one grooving toward the edge of the glass, the other grow- 
ing inward. Then it was noticed that the sprout growing in the medium 
with the richer oxygen supply was from 4 to 10 times the length of the 


other germ tube. _ 

Where a clump of spores occurred about hallway from the center 
the edge of the cover glass, those spores near the edge sw'elled strong)' 
and put out germ tubes, while spores of the same clump, situated nea.r 
the center, remained dormant, or at least swelled only slight!), 
repression of germination in these spores seemed to be relate 
scanty oxygen supply, and for this there was ^‘ 7 ^ ^ 

A series of flasks of different sizes was prepared with filterjap 
wet with 5 c. c. of distilled water. These were 
lated with a spore suspension. Immediately after 7“^ flasks were 
plug was pushed slightly down the neck of the .ven, 

sealed with melted paraffin. The flasks were set 1 
diffuse illumination. After a month the reading 
was obtained. 
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Table IX . — Efeci of aeration: Test with flasks of different sizes 


Siae of flask. 

Kumberof , 
pycnidia. 

Growth. 

C. c.. 


None. 




None. 

, 


Doubtful. 



0 

Weak. 


0 

Fair, mycelium blackish. 




There were no checks in this experiment, but the behavior of this 
organism on filter paper had been so constant as to leave little doubt of 
repression of pycnidia having taken place, owing to the sealing of the 
flasks. 

A similar experiment was performed with a number of nutrient solu- 
tions, some of which were known to allow pycnidium production, and 
others of which were known to yield only strong growth. Ten c. c. of 
each solution were used. This experiment was done in duplicate and was 
carefully checked. Inoculation was made with small masses of mycelium. 
The flasks, after inoculation, were sealed and stood in strong diffuse light 
upon a table. Table X gives the summary of this experiment. 


Table '^.—Effect of aeration: Tests with various nutrient solutions 
(Time. i month) 


Soktioa. 


Raulin solution ^ 
(levulose sub- 
stituted for su- 
crose). 

Acid Dox ^ solu- 
tion witb I c. c. 
of glycerin add- 
t£Uo each flask. 

Alkaline Dox so- 
lution with I 
c. c. of glycerin 
added to each 


J^ulin solution. . 


Size of 
flask. 


Scaled. 


Check. 

Number of 
pycuidia. 

Growth. 

dumber ol 
pycnidia. 

Growth. 

C.c. 

f 9 *^ 

0 

Heavy mat 

0 

Heavy mat. 


0 

Heravy mat 

0 

Heav}' mat. 

“5 

0 

Fair 

0 

Heavy mat. 

1 50 

0 

Scant 

0 

Heavy' mat. 

( 900 

0 

Scant 

0 

Fair, white. 

j 500 

0 

Scant 

0 

Fair, white. 

“5 

0 

Scant 

0 

Fair, white. 

1 50 

0 

None 

0 

Fair, white. 

900 

0 

Very scant 

0 

Weak. 

500 

0 

Very scant 

0 

Weak. 

125 

0 

Very scant 

0 

Weak. 

1 5 “ 

0 

None 

0 

W'eak. 

f 900 

0 

Fair 

0 

Heavy mat. 

J 500 

0 

Fair 

0 

Heavy mat. 

125 

0 

Fair 

0 

Heavy mat. 

1 50 

0 

Fair 

0 

Heavy mat. 


4 Darts of of water; 70 parts of cane sugar (35 gm. levulose): 4 parts of tartaric acid; 

P3rt of potassium » ammonium phosphate; 0.4 part of ma^esiiim carbonate; 0.6 

of ammonium sulphate; 0.07 part of zinc stilphate; 0.07 part of iron 


* Dfc soluti *"** silicate 

^basic ^ water (HjO), 3.000 c. c.; maenesium sulphate (MgSOi). 1.5 frm, 

‘ 


sodium d»lorid(KCi), t-s 
Potassium aad phosphate (KHiPO.). acid solutimi (Thom! 


S gm.: ferrous sulphate (Fe^<), 
1910). 
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Tabl:S X . — Efeci of aeraiion: Tests with various nutrient Con^l^^ ^ 


Solution. 

Size of 


C.c 

Raulin solution 

900 

+ X c. c. Mil 

500 

calcium nitrate 

125 

(CafNOa),). 

[ 5 <^ 

Raulin solution 

{ 900 

with levulose, 

1 500 

on filter paper 

125 

cones. 

t 50 

Acid Dox 9olu- 1 

f 9 ®® 

tion + I c. c. 


Af/7<?arabinosc. 

125 
1 $0 

Acid Dox solu- i 

900 

tion + t em. ! 


potato starch. 1 

i 

125 

50 


Sealed. 

Kumberof 


pycoidia. 


0 

Fair, mat 

0 

Fair, DO mat 

0 

Fair 

0 

Fair 

0 

Filter covered 

0 

Filter covered 

0 

I<ess than above.. . 

0 

As above 

5 

Scanty white 

1-2 

Scanty white 

0 

Scanty white 

0 

Scanty white 

? 

Strong 

7 

Strong 

0 

Fait 

0 

Fair 



10 

25+ 

25+ 


25+ 

25+ 

50+ 

50+ 

20 + 

20 + 

20 + 

20 + 


Fair, thin mat. 
Fair, thin mat 
Mat. 

Mat. 

Paper covered. 
Paper covered. 
Paper covered. 
Paper covered. 

Fair, wlite. 
Fair, white. 
Fair, mat. 
Fair, mat. 

Strong, mat. 
Strong, mat. 
Strong, mat. 
Strong, mat. 


This e.xperiment shows the effect of scanty aeration in repression of 
growth as well as an almost complete suppression of pycnidia in 
the sealed flasks. In the two cases where pycnidium production did 
take place in the sealed flasks, the fructification occurred in the larger 
flasks of the series. It must be said that the check flasks, especially 
the larger sized ones, tvere almost dry at the close of the experiment 
and the Iiumidity conditions as well as the concentration were different 
from those of the scaled flasks. For the first three weeks, however, the 
cultures were approximately the same, and it seems safe to attribute the 
difference in growth and pycnidium suppression to improper aeration, 
rather than to the drying or concentration, especially since, as will be seen 
from later experiments, these factors play but little part in pycnidium 
production. 

From the many observations recorded here, and from the experiments, 
it seems safe to conclude that this organism is very sensitive to the 
oxygen supply, and it requires good aeration for optimum growth an 
for pycnidium production. 


HUMIDITY (TRANSPIXATION) 

From a number of indications in cultures, it was felt that transpirati^ 
might be a factor of more or less importance in the growth an r p 
duction of this fungus. A study of the literature dealing v'lt 
tion, especially the work of Klebs (i 898) with Sporodinia gra ts, 



Jail- i7i 75*6 


Plenodomus juscomaculans 


731 


seem extremely probable. It was seen that cultures on various complex 
media did not produce pycnidia until they began to dry out, as a general 
nile Moreover, on nutrient solutions the pycnidia commonly form on 
the surface. On vegetables, such as carrot or parsnip, or on prune- 
juice agar, the pycnidia formed in the aerial mycelium. 

Very early this relation was suspected as being operative, and the 
filter paper cone was used in the first experiments to further transpira- 
tion and aeration. When, however, the relation was tested, it was seen 
that the actual formative influence of transpiration had been greatly 
overestimated. Filter-paper cones were compared with similar-sized 
disks of filter paper entirely submerged. Inoculation was made with 
bits of mycelium, and the cultures stood on the table in strong diffuse 
light. 

Table XI. — Effect of humidity: Test u'ith jUier paper 


(Time, I monlli] 


Couditioas. 

Ximibfr of 
pycDidia. 

Growth. 


5-10 

10 + 

Fair. 

Scanty. 




It is seen that the pycnidia production goes on after this period as 
strongly, if not better, in the submerged condition, while the growth 
seems slightly stronger on the cone. Since differences of this sort are 
hard to estimate, little importance is attached to the slight differences. 
Nevertheless, we have in this experiment striking evidence that under 
conditions where transpiration is reduced to the zero point pycnidium 
production is nevertheless vigorous. 

In this experiment, the possible relation to contact stimuli is not 
avoided. The following observ'ation is even more conclusive, for here 
contact relations are limited to the effect of mutual contact of the threads 
of the mycelium itself, and no further elimination of a hypothetical con- 
tact relation is possible. Several water blanks of ordinary distilled 
water were heavily inoculated with spores and mycelium, respectively. 
After a month the following observation was recorded : 


Tabls XII. Effect of humidity: Test with inoculated uaier 


Fom^of inoculation. 

Number of 
pycnidU. 

Grotrth. 

Spores, .. 

1 

4-10 

2-10 

Fair amount of white, b>*ssoid mycelium. Total 
submergence. 

Fair amount of white, cottony mycelium. Total 
submergence. 

Mycelium., 





73S 


Journal of Agricttliurol Research 


From these experiments there can be little doubt that pycmjij 
be produced by this fungus without reference to the factor of trjn 
tion, ’ 

We now come to an experiment in which the time element was recordtj 
and in which the mfluence of a number of different degrees of air humidji 
was tested. ■ 

Four bell jars with a hole in the top were connected with a comprfssed 
air reservoir so that a gentle current of air could be sent tliroiigli lie 
apparatus. The air was led into the bell jars by a tube reichinj lo 
the bottom of the bell jar and taken out by short tubes which extaidaj 
through the stopper but a short distance. To secure moist coiiditioos 
the air was bubbled through distilled water, while dry air was obtaijEj 
by sending the blast through two towers filled with calcium chlorid 
The first bell jar received moist air constantly, the fourth dry air ccm. 
stantly, and the second and third were connected by Y tubes to both 
the. dry and wet bell jars, so that they could be made to receive either 
wet or dry air independently. Throughout the experiment the csniii- 
tions in these two bell jars were alternated. The second bell jar rectiveil 
wet air for three days and then dry air for one day, while the coadi' 
tions were reversed for the third jar. Preliminary tests with a lamp- 
recht polymeter in each jar (these were set to agree with a sling 
psychrometer reading) showed that the humidity within the first jai 
ranged from 65 per cent to 70 per cent, and in the fourth the humidity 
was only 20 per cent. In the other bell jars a humidity of 65 per cent 
or a dryness corresponding to 25 per cent could be obtained in a half 


hour by blowing in wet or dry air. The blast was almost continuous 
throughout the e-xperiment except tor a period each day between about 
3 a. m. and 8 a. m., at which time the pressure was lacking. The bel! 
jars giving wet conditions were fogged at times, but, as the apparatus 
was in strong light and as the fog disappeared except when the bell 
jars were hit by a cold draft, it is very. likely that the light intensities 
were sufficient in all cases. For media various substances were used. 
Bits of pear and apple trvigs, com meal, slices of carrot and apple, peas, 
rice, and com, as well as com-meal agar and glucose agar, were auto 
claved. The media were prepared in capsules without the covers an 
were placed in tiers in round wire baskets so that each capsule ha ree 
access to air. The basket was slipped inade a battery jar an 
covered with a cotton pad held in place by a glass plate, ive * * 
this sort were prepared, four to be subsequently placed under 
jars, and the fifth to be used as a check without aeration. e ® 
were autoclaved and then inoculated with a drop of spore sus 
to each dish. The cultures were left one week under on inary 
condit'ons. At the beginning of the test of the various 
bell jars were drenched with solution of mercury bichlon . 

was lifted under aseptic precautions and set upon a sma! me a r 
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which had been previously disinfected, rested upon the ground- 
glass' base. The bell jar was quickly put in place over the basket and 
sealed air-tight by the use of anhydrous lanolin. Since the air pressure 
at tima amounted to several pounds, these bell jars had to be clamped 
to the base plate. This was accomplished by boards drilled at the 
comers, the top one fitted with a 3-inch hole, through which the top of 
the bell jar projected. Long bolts fitted with thumb screws held the 
boards in place and thus when tightened prevented the jars from leaking. 
The air was filtered through cotton before it reached the cultures. 
Several times during the experiment the cultures subjected to dry air 
were moistened with a few cubic centimeters of water. It was found 
that those cultures were nearly dried out at these times. 

No pycnidia were formed with peas, rice, or glucose agar under any 
of the conditions. Other cultures showed the pj'cnidia in the same rela- 
tive proportions for the various conditions of aeration. The record for 
com broth may be cited as typical. 

Table XIII . — Effect 0/ humidity: Test with com broth under bell jars 


(Timp, 30 days! 


MeOium. 

N 

umber of pycnidia. 

Growth. 

Unaer- 

aced. 

Wet. 

Mostly 

wet. 

Mostly 

dry. 

Dry. 

Unacr- 

aied. 

Wot. j 

i 

Mostly 

wet. 

[ Mostly 
dry. 

Dry. 


0 

0 


+ 


++-I- ! 

■f + + + 

+ + -r+ 

+++ 

+ + 



Pycnidia had been formed for some time l)efore the reading was made. 
The aeration was continued, and a month later another reading was 
made. At this time all the cultures except peas, rice, and glucose agar 
showed pycnidia, irrespective of the air condition, with the exception 
of the senes left as a check. This series, left in a battery jar, covered 
wit a cotton pad and a glass plate of the same size as the jar, made 
good giowth, but in no case did pycnidia occur. 

vYe have in this experiment results which indicate that at most the 
I's r t pycnidium formation. Whether this effect 

th ° transpiration or to nutrition conditions, either of 

e su stratum or of the aerial mycelium, brought about by the excess 
scpZ ru? condensed upon the hyphae is not known, but it 

such iffi ^ ^ relation is the most potent one, since with 

cases “ration the transpiration must be considerable in al! 

tion wa experiments indicated that absence of transpira- 

which tectly inhibiting to pycnidium formation with cultures 

reiterates Tht* ™“itions of scanty nutrition. The last experiment 
to delay f ’t '^®'^^'*®iorr' but indicates that the humidity may serve 
rui ody formation. The effect of moist air in delaying but 
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not suppressing pycnidium formation is always associated with inf 
aerial growth. When it is recalled that with rich media the n > ■ ™ 
are commonly formed in the aerial mycefium, this opposed condit’'^ 
may be significant. Further discussion of this behavior is givm"^'* 
another place (page 741). 

In conclusion, it may be pointed out that transpiration, or, better lo 
air humidity, is a factor of only secondary or contributing influent ' 
fruit-body formation for this fungus, and in no sense is a positive deter 
mining factor like light or aeration. 

Physicochemical Factors 


REACTION OF THE SUBSTRATUM 


The acid or alkaline reaction of nearly all biological fluids— the blood 
milk, sea water, cell sap — ^varies, but slightly from neutral It is 
commonly said that fungi grow best under slightly alkaline conditioas, 
Many organisms show great tolerance to either alkalinity or acidity, but 
the organism here investigated showed a comparatively narrow range, 
and its optimum point was not that of the great group of fungi, but 
much more like the optimum for bacteria. 

The following experiment with filter-paper cones and with Raulin 
solution shows something of the limits of growth and reproduction for 
this organism. The acidity or alkalinity ‘ indicated in the table was 
obtained by the addition of either normal potassium hydroxid or hydro- 
chloric acid (potassium hydroxid in case of the Raulin solution, since it 
was acid at the outset). 

Table XIV . — Effect of acidity and alkalinity: Test mth Ranlin sohiion and jilta 

paper 

[Time, I mootli] 


+ 5 - 
-flS' 
-l-sS. 


Raulin soIuiioD. 


Number of 
pycnidia. 


+ + 


Contaminated . 

None 

Strong 

Strong 

Fair 

Fair 


Filter paper. 


Number 
tif pyx. 
sidia. 


Grawtli, 


None. 

None- 

Scant. 

Scant. 

None. 

None. 


This experiment showed the strict relation of this ^ 

chemical reaction, both as to growth and as to repro 
usual, the growth limits were wider than the limits 0 .;o„siy 
The experimen t also revealed why Raulin's solution a p — 

1 Computed in terms of cubic centimeters of normal hydrKhloric acid ot potassium 
by titrating 5 c. c. with Njio standards, pbenolphtbalrin as indicator. 
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given growth but no fruiting bodies. Once this relation of the organism 
to acid and alkali was known, previous experiments could be reviewed 
in the light of it and the behavior of certain chemicals explained. 

Ten c. c. of a 5 per cent gum-arabic solution was autoclaved in a 
series of preparation dishes. The solution received sterile chemicals to 
give concentration as shown in the table and was inoculated with a 
spore suspension. 

TablB XV.—Efeci of acidity and alkalinity: Test with -variom chemicals 
iTime, i monthl 


Chemicals. 

Concentration. 

Reaction. 

Kmnber of 
pycnidia. 

Growth. 

Gum-arabic solution plus— 


-f 

+ 

++ 

+ + + 

+ + ■ 
0 

+ + 
++-f 

-i-f-f 

■f + 

+ 


A//^ooeach 

+ Sodium acid phosphate 

Sodium acid phosphate 

Dibasic poU^ium phosphate 

Check 

Jlf/aoo 


Sodium hydroxid 


”5 






This experiment, if it be permitted to draw conclusions by compari- 
son of salts with a similar anion or cation, indicated that the specific 
effects in pycnidium formation were not due to any specific ion, for if 
potassium were the influential ion, then we should get no effects with 
the similar sodium salt. More conclusive still was the effect of the 
dipotassium phosphate as contrasted with the dihydrogen salt. Here 
the same ions were concerned, but in different proportions. The ex- 
penment shows the extreme sensitiveness of this organism to alkalinity, 
since a reaction of -5 was sufficient to cause absence of pycnidia. 

T hi reaction of some of the common media, as given in 

table XXV, shows how reaction controls not only reproduction, but 
growth as well. Of the complex media tried the most favorable for 
pycnidium production was a couple of corn grains autoclaved in 10 c. c. 
0 water. Aside from the nutrition relation, which will be discussed later 
f responsible for the excellence of this medium- 
srowth\™^ when this reaction is most effective is at the period when 
Com V, medium, not the mere reaction at the start, 

reactio^? Sr'f ^ ““th the 

able coudit ' ^ 

nine of a 1 .°” production. Pea solution at the begin- 

showedat^li"°t culture showed an add reaction of -f8, while oats 
a reaction ® ^ reaction of -I-5. The latter showed after a month 

tliat oats neutral. It will be seen from Table XXV 

on the other poorer medium than com. Pea broth, 

and, showed a reversal of condition, and after a month 



736 


Journal of Agricultural Research 



titrated -8. The culture grew vigorously for a week or two, 
mat and some aerial mycelium, then the gradual checking o[ the growth 
occurred. The culture ceased producing aerial mycelium and then 
became half submerged. Soon all growth ceased and the culture gte 
but indifferently or not at all when transplanted. 

If old pea-broth cultures were acidified to approximately +5 rjjdj 
potassium acid phosphate, tartaric add, or hydrochloric add, giomh 
started again and pycnidium production took place upon the dense 
mat. 

Other media showed similar changes in either acid or alkaline reac- 
tion, and, as a rule, it may be said that media with a proportion of pro- 
tein lower than tire carbohydrate proportion show after a period of 
growth an add reaction (Wchmer, t89i). With media high in pro 
tdn the reaction becomes alkaline (Nagcli, 1880). 

The consideration of the acidity or alkalinity of substrata at the start 
and at the dose of a period of culture leads naturally to a consideration 
of autointoxication. This is espedally appropriate in this case, since 
the autointoxication effects observed were due to harmful reactions 
produced by the by-products of metabolism. These by-products were 
not of the complex type commonly thought of in connection with the 
term autointoxication, but were mostly the simple and well-known end 
products of carbon and nitrogen dissimilation. The injurious effects 
were produced to a large extent by the addity or alkalinity engendered, 
and the same effects could be artificially produced in a favorable medium 
by mere change of reaction. 

Depending upon the excess of carbohydrate or protein, as has been 
said, the reaction of the substratum became dther add or alkaline. In 
the case of excess of carbohydrate, oxalic acid is formed by this organism, 
and in old cultures of corn, oats, or prune-juice agar crystals of caldum 
oxalate were often found. In the case of protein excess, as was demon- 
strated for old pea-broth cultures, the medium contained an excess oi 
ammonia. This ammonia could be detected by boiling the liquid from 
such old cultures and testing the fumes with a strip of wet, red litmus 
paper. 

In a solution where the carbohydrates and protein constitueats are 
present in a proper ratio, these by-products of metabolism neutra^ e 
each other. Com broth is a notable example of this type of medium, m 
in it the by-products, even after two months, are not potent enou„ 

interfere with reproduction. _ k t t im is 

The action of these autointoxication products in the su s . 
further illustrated by the common experience met with tn trans e 
from old cultures of this organism. In old agar cultures 0 
the mycelium was found dead when it was submerge m ^ 
stratum, although the aerial mycelium remained alive or mo 
year. 
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.\Ve have, therefore, in autointoxication a phase of the major factor, 
acid or alkaline reaction, and while definite harmful bodies of a protein 
or amid type are known for organisms and may have been present here, 
we have in the end products of protein and carbohydrate dissimilation 
hannful constituents whose influence may be to limit either growth or 

reproduction. 

Chemicai, Facioks 

QUANTITY OP food 

The quantity, rather than the quality, of the food needed for this 
organism can more conveniently be considered at the outset. As was 
stated at the beginning of the experimental work, there is a certain 
minimum for growth and also for reproduction. Naturally, reactions 
taking place at the base level of nutrition are sharper and less obscured 
than those taking place where food is in abundance and the factors of 
reaction, autointoxication, etc., have greater and greater influence, For 
this reason, once the capacity of this organism to grow and reproduce 
upon material almost devoid of nutrients was recognized, many of the 
experiments with other factors have been performed with the food supply 
reduced to a low level. 

This power to grow upon simple stuffs and with them in extremely 
high dilution naturally led to the question of the minimum essential. 
Growth and reproduction in distilled water has already been men- 
tioned. The distilled water used in the first experiments was the ordinary 
distilled water of the laboratory. The glassware used was “resistance,” 
cleaned as described. The test tubes were plugged with cotton, and a 
few motes of cotton could be seen upon the surface of the water after 
inoculation. Inoculation was made as described with a spore suspension. 
The number of colonies which resulted from inoculation with similar-sized 
drops of this suspension in Raulin solution was from 5 to 20. These 
details show that a very small amount of organic stuff was introduced 
from the inoculum. After three or four weeks a rvliitc or gray filmlike 
mycelium could be seen, either attached to the glass or floating near the 
ottom of the test tube. After a month or, at times, two months 2 to 5 
pyemdia were produced under the water. 

It IS difficult to understand where the carbon and nitrogen used by the 
un^s came from. The minerals might be accounted for more or less 
ausiactonly by assuming that they came from the glass, which is 

g y soluble. For the organic stuffs we have a few possibilities. The 

the?™u”i^^ ammonia in the air, and the carbon from 

likelv°th 'u dropped from the cotton plug. It is more than 

while n distihed water carried some oily volatile material, which, 
for the f conductivity, gave a suitable foodstuff 

(idool possibiUty, first pointed out by Elfving 

O' organisms may be fed by small quantities of volatile sub- 
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stances which are absorbed from laboratory air by the water (Bajerind; 
and Van Delden, 1903). Be the source of this food supply what it 
I was interested to find if all distilled water, even the purest, had enoagh 
food supply or absorbed enough to support both growth and reproduction 

Conductivity water* of a value 3.03 times io~* was used as in tti^ 
preceding experiment, with, however, the following improvements in 
the method. Jena glass test tubes were used throughout. The test 
tubes were plugged with long-fiber absorbent cotton, and the preiimi. 
nary dry sterilization, which has a tendency to make the fibers brittle 
was omitted. Inoculation was made with one drop of a filtered spore 
suspension which had about 25 to 50 spores to the drop. The pycnidium 
which furnished these spores was growing in aerial mycelium, so none oi 
the old substratum was brought over. At all events, material brought 
with the spores was diluted nearly 200 times. After two months slight 
growth was evident as faint submerged wisps or skeins. The growth 
was less than a tenth as strong as that produced in ordinary distilled 
water. No pycnidia were formed. 

This experiment indicates that in the soluble glass and in the char- 
acter of the distilled water we have the important sources of the food 
supply. The motes of cotton were practically eliminated in the last 
experiment. It might be thought that the nutrition in this case was 
as good as fhe preceding— assuming the food supply to come from 
volatile chemicals— and that the poor growth of mycehum and the 
failure to reproduce was due to the toxicity of the conductivity svater. 
But the toxicity of ordinary distilled water is generally admitted to be 
greater than the toxicity of conductivity water. Moreover, this orgam 
ism has never shown any effects which might be attributed to toxic 
substances in the water. In the recent experiments on the toxicity ri 
distilled water with other plants the nutrition phase has been neglected 
since the conclusions have been drawn from tests with the well-nounshd 
roots of seedlings. In the experiments here reported, the food supply 
carried in-the plants is that which is within a few spores barely mb 
with the high pow'er of the microscope. It is difficult therefor 
attribute the effects to anything but the scantiness of , 

The conclusion, therefore, is drawn that while growth 
tion can take place with the meagerfood supply 0 ^ 

in -resistance” glass, the limit of reproduction - Inched 
tivity water and Jena glass, but the fimit of 
This same relation to nutrition was shown with the b ^ 

ment with filter paper. 


It had been determined m ni“y_P__ 


ment witn mier r^nroduce upon 

experiments that this organism coni grow jjstiiled water, an<i 

paper and distilled water. Tests with tap and 

Lductivity water indicated thatthematenaM^^^ 
m. R. P. Hibb«d.oi <hcMichit>» AsriculWralCoIl«e,iorn.*®‘'“ 

The mcasureiDeats ol rcsisUace were also made by mm- 
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reproduction came largely from filter paper. Although filter paper is 
said to be the purest form of cellulose obtainable, Schwalbe (rpio-ii, 
p 600) states that appreciable amounts of oxycellulose and hydrate- 
cellulose are present. Since filter paper is known to have some ash, a 
preliminary experiment was performed to find if this ash served, in part 
at least, as a source of food. A pair of culture dishes was prepared 
with a filter-paper cone in each. Ten c. c. of ordinary distilled water 
were added. To each of two other dishes with a similar amount of 
water, the ash from a filter cone was added. These dishes were auto- 
claved. Inoculations were made with spores. After three weeks the 
results shown in Table XVI were obtained. 

TabcE XVl— Effect of quantity of food: Test with filter paper and the aih from filter 
paper 


{Time, 3 weeks] 


Medium. 

Pycnidia. 

Growth. 

10 c. c, distilled water, plus filter cone 

-I- 

Good. 

Scanty. 





The better growth and the pycnidial production on the filter paper, 
as opposed to the results with ash, indicate that the influential stuffs are 
not those from the ash. It may be remarked that the readings were 
taken early enough to avoid complications due to tlie slow pycnidium 
formation in distilled water. The effect of a.sh ha\dng been shown to be 
negligible, the main experiment was set up. Five sheets of filter paper 
(S. & S. 595) about 15 cm. across were autoclaved in 500 c. c. of conduc- 
tivity water in a Jena flask. This furmshed a stock solution, w’hich was 
diluted with conductivity water by means of pipettes and graduates, 
wMch were carefully rinsed before and during the operations. The di- 
lutions were prepared in Jena beakers, but were eventually put in 10 
c. c. quantides in a number of Jena test tubes. These rvere autoclaved 
md moculated with a spore suspension. This experiment was done in 
uplicate with each of the strains of the fungus, with the results shown 
m Table XVII. 

Tablu XVll.— Effect of quantity of food: Test -with filter-paper broth 


[Time, 2 months] 


Medium. 

Pycnidia. 

Growth. 

Fitter-paper broth: 

i/i 

+ (3) 

Fair, easily seen. 

Fair, easily seen. 

j/l.OOO 

+ w 



+ (l) 


^ductivity-water check 


Scant, barely visible. 

— 
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The experiment shows that the ordinary high-grade ater paper, nhei, 
autoclaved with water of high purity, yields sufficient nutriment for 
growth and reproduction of this organism. A dilution of i/ioo is still 
sufficient for pycnidium production, but at i/i,ooo we have reached the 
limit of food supply sufficient for pycnidium production. Growth, jg 
usual, takes place at greater limits than reproduction. 

This experiment gives conclusive evidence that the toxic substances ol 
distilled water do not affect this organism. We may now conclude that 
we have been working nearer and nearer the limits of growth and repro- 
duction. The amount of material required is evidently extremely mi- 
nute. It is in the imponderable mass of stuff, somewhere between dis- 
tilled water and conductivity water, or in that bulk of stuff lying between 
i/i,ooo and t/io,ooo dilution of a filter-paper broth. 

Having now some conception of the extremely low limits of concentra- 
tion at which growth may take place, we may now consider the grosnh 
and reproduction relations at higher concentrations. 

The experiments already reported give a mass of details as to growth, 
at various concentrations, but no conclusions from these isolated cases 
are justified, because the reaction is so masked by other relations. 

The following experiments allow a comparison of some nutrient solu- 
tions at various concentrations. The solutions chosen were those which 
did not become toxic with the continued growth of the organism. In one 
experiment 200 grains of com were autoclaved in 1 liter of tap water, 
This solution was concentrated to approximately 100 c. c. by boiling in 
a beaker. It was, therefore, approximately 10 times the strength of 
ordinary com broth. The strong solution was also diluted as shown in 
the table. Cultures were made as usual and were inoculated with a 
spore suspension. The results are shown in Table XVII!. 

T.sblu XVIII - — Effect of quantity of food: Te^t'oilhcom solultcn 


[Time, I month) 


Ccrticcnlration. | 

• Pyoittlia. 1 

Growth. 

Remarks. 



-4-1-+++ 

^IlitE. 


1 - 

i + ' 



-i-b+ 

+,+ 


i/ioX 

' -h 

+ 



In this experiment it is seen that the organism, 
duced fruiting bodies only in the lower concentrations, 

was strong in the higher concentrations. Thegrowt m 

centrations had increased but slightly after the first two 
conclude then that a food supply which allows a fair gmi 
becomes exhausted is most favorable for pycnidium The 

The following experiment with synthetic me la wa 

combination destribed upon page 752 was made up at 25 ■ 
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coflcentration. This was diluted as shown in Table XIX, and cultures 
were made as in the preceding experiment. 


Table XLX— Effect of quantity of food: Test uilh synthetic solution 

[A/ter I month] 


Diiutiwi. 

Pycnidia. 

Growth. 

Remarks. 

25X 


0’ 



“ 

0 


5X 

0 

■f+H-t- 

White or pinkish. 

zX 

0 

+-l-b 

Black mat formed. 

iX 

Many. 

+ + -f 

Slightly less grow th than above, black mat 

1/3X 

Many imraatiuc. 

++ 

Slightly less growth than in 2 X. Abun- 

i!sX 

10 

+ 

dant evidence of pycnidia starting. 
Growth weak. 

i/ioX ■ ■ ■ ■ 

5 


P>*ciiidia extremely mimite. Mj'celiura 
scanty. 


The experience with this solution shows that doubling the concentra- 
tion of a favorable culture solution increased growth, and was sufficient 
to inhibit completely pycnidium formation. A solution diluted one- 
half gave promise of many pycnidia— more than in the i x concentra- 
tion— but the pycnidia were slow in forming. In the extremely low 
concentration growth was scant and a small amount of pycnidium pro- 
duction took place.^ The experiment leads to the same conclusions as 
the preceding experiment — i. e., that a limited food supply is essential to 
fruit-body formation, and the optimum concentration is one which gives 
a comparatively large mycelial growth before the exhaustion takes place. 

The teaching of this experiment would place the limit of concentration 
0 a sugar at M/ioo. We have, however, a great body of experiments 
already ouffined in which pycnidium production took place with a sugar 
concentration considerably higher. For instance, in Table X pycnidia 
are reported for Raulin’s solution (cane sugar M/j) when a calcium salt 
was added. Or, considering the exwriments with com grains, these seem 
0 present a contradiction when it is noted that the pvenidia were first 
omed on the com grain with its rich food supply. Similarly, the various 
are such as prune-juice agar, parsnips, and carrots— all 

pT'oduction^^^ ^ytlrates; yet these are reported as allowing pycnidium 

liuffi extremely abundant aerial myce- 

duced ^ pycnidia are pro- 

cases a rt^ ^ strands, but never upon the medium itself. In a few 

the new food effectively walled off 

(Shear and ^ laboratory mcdium--cora-meal agar 

agar. It k l the pycnidia produced directly upon the 

is scant medium the mycelium production 

take place u grains the pycnidium production does not 

^ t e corn grain is dried somewhat, and this, coupled mth 
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the fact that the com grain is not extremely soluble, accounts ver 

the appearance here. Instead of the com grain furnishing nutriti 

com grain soon becomes the location where food supply is 
hausted. In this behavior upon drying, we may also find the ^ 
tion of the behavior of the wet and dry bell jars reported in Table 
The behavior of the i X and y< X concentrations of the synthetic n V 
may be considered in this connection. It seems that in this 
have a similar factor to deal with. The mycelium in these concent''' 
tions grows at the top of the solutions, a trifle submerged in the case of 
the weaker solution. The stronger mycelial growth in the higher coa 
centration leads to the formation of a thicker surface film in it than ' 
this weaker one, and the film starts much sooner. The pycnidia are 
duced upon this surface film, which, no doubt, in some ways iaterferl 
with the utilization of the food supply. 

From this it would seem that the limiting concentration suggested- 
M/ioo for sugar— instead of being too low is doubtless too high, and the 
production of pycnidia at this concentration, at the period stated is 
brought about by the other factors, which lead to an even greater reduc- 
tion of the available concentration. 

When we consider the action of this aerial life of the mycelium in fos- 
tering reproduction, we find that our knowledge of the transfer of mate- 
rials in mycelium is extremely limited. It, however, seems very likely 
that with the increase in concentration in the medium below and the 
drying of the threads, the diffusion of foodstuffs to the aerial parts is 
interfered with. 

QUAUTY OF FOOD 


IMiNEKALS. — The work with thequantityof foodstuffs just outlined indi- 
cates the extreme difficulty of determining what minerals are essential for 
growth. This sensitiveness to extremely small amounts, which doubtless 
is paralleled by other organisms, makes experimentation with ordinary 
methods or ordinary chemicals unreliable. The problem of determining 
the necessary mineral elcme-its for this fungus would be impossible with 
our present technic. 

An attempt was made to find the effect of certain chemicals when they 
were added to various nutrient solutions. Although many expetinienls 
were performed, the results were so masked or influenced by the constit- 
uents of the medium that no conclusions could be drawn. Notable m- 
fluences which have been explained as other than nutrition effects ha\e 
been obtained with acid phosphates and with calcium compounds. 

The behavior of one chemical, magnesium sulphate (MgSOj), iswort y 
of record. Since Molisch’s accurate work (1894), this substanra as 
generally been regarded as essential in fungous cultures. The fo 0"® 
experiment suggests that the chemical may have a profound e ec u ^ 
fructification. Two preparation dishes each received 10 c. c. 0 a so 
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containing magnesium sulphate in M/jj concentration. Conductivity 
water was used. Inoculation was made with a drop of spore suspemsion. 
After one month many (more than 50) pycnidia were found in the loose 
submerged mycelium. 

As a mineral base for nutrient solutions, monobasic potassium phos- 
phate and magnesium sulphate, along with other chemicals, were fre- 
quently employed. The net result of numerous cultures made in the' 
attempt to find some hint of the value of this or that mineral was the 
conclusion that cultures with these two constituents alone, mth a suitable 
nitrogen and carbon supply, gave as good results as more complex combi- 
nations. 

This solution of mineral salts contains the bulk of the elements generally 
considered essential for fungus growth. Carbon and nitrogen need to 
be added to secure the complete nutrient, but iron can be neglected 
since It IS such an unavoidable impurity in chemicals and is usually 
present as a constituent of the glassware. Beijerinck (Samkow rgo/l 
had used a similar solution as a culture medium for bacteria * 

Becau^ of the extremely small amounts of minerals found necessary 
for .growth and reproduction in this form, I modified the formula by 
cutting down the concentration of the various components. Since the 
solutions were to be used m comparative work, the chemicals were* added 
on a rnolecu ar-weight basis.. At the time of the first experimentation it 
TO thoupt that the reaction should be approximately neutral, and 
^rdingly molecularly equivalent weights of potassium acid phosphate 
sodium carbonate were employed. Similarly, through depenLnee 

ihtte sulphate 

eitSof tl rt. [ ' “ concentration than 

ither of the other two minerals. The solution thus devised for prelimi- 

phosphate as”^/^ wntoined sodium carbonate and potassium acid 
exneL t magnesium sulphate as .V/500. Subsequent 

magnesium the carbonate could well be omitted and the 

The .th increased from- fivefold to tenfold. 

The mTn comparison with this mineral 

‘^vantage over "'"'t’lcr had any 

much more ®«‘i«tinck solution; on the contrary, they 

' *“ “ “““ 

“ton for fonTTijT'* “fl’fl'yflrates form the common noorce of 
and Warner “ pointed out by Nageli 

tdicated in Table organism, as 

-^tll, othe r classes of compounds— but of alcoholic 


«rl»Mte7< ™ *"**■ “1 ortaBlc rampoimds; Pruaosium acid phos- 

» -5 fiin., taagnesimu sulpfaate. gm.; water, t liter 
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structure — may be utilized as a carbon source (malic acid and 


As is well known, various plants possess widely varying 


Sb'cerol), 


sugars, and the sugars and other carbohydrates differ markedl 


amounts of 


The specific effects of certain vegetable media have been 


'y m kbl 

by many to the specific action of the type of carbohydrate 
Roux and Linossier (1890), as a result of their work with the f * 
Dematium albicans Laurent, announced as a general biological la tf* 
with an increase in the molecular weight of the carbohydrates ft 
complexity of the growth form of the fungus increased. With certa ' 
sugars, such as glucose in a i per cent solution, these investigatl™ 
obtained only yeastlike growth, but with a biose, such as maltose 
they obtained strong mycelium and conidia production. RecenUv 
Hieke! (1906), repeating the work of Roux and Linossier, but with 10 
per cent sugar solutions, accepted the conclusions of the French investi- 
gators within certain limits. A priori, it is very difficult to see why two 
sugars, such as glucose and maltose, should differ in specific effects 
since the latter, when hydrolized, yields only the former. 

Very early in the investigation tests were made with the common sugars 
to find whether there was a specific effect on fruit-body formation due 
to the various sugars. In these tests the sugars used were used as 
weight-normal solutions; hence, the effects secured were not obscured bv 
concentration differences. The various sugars were added from a sterile 
stock M/i solution to 10 c. c. of the autoclaved nutrient solutions, as 
indicated in the table. Glass preparation dishes were used, and all were 
placed in strong diffuse light. Inoculations were made with spore sus- 
pension in the usual manner. The tests were done in duplicate. Table 
XX shows the average of conditions. 


Table XX. — Effect of quality of food: Test uilh sugars 



i‘ea hrttth. 

Sugar. 

Sugar 

COUCfJI- 

tratioti. 

Pj’cni* 

dia. 

Orowlh. 

Saccharose 

ll/io 

0 

+++ 

Do 

M/20 

0 

++++ 

Do 

M'/50 

0 

+++ 


M/io 

M/20 



Do 

0 

+ + + + 

Do 

M/50 

0 

+++ 

Levulose 

M/io 

0 

+++ 

Do 

M,'20 

0 

^ — 1"H — h 

Do 

M/50 

0 

-1-++ 

Maltose 

M/io 

0 

++++ 

Do 

M;2o 

M/50 

0 


Do 

0 

+++ 

Check 

0 

++ 


Tap water aad filter. 


Sugar 

concco- 

Lratiuo. 


M/lO 

M/20 

M/50 

M/ro 

M/20 

M/50 


Pycni- 

dia. 


+++ 

+++ 

+++ 

+++ 

+++ 

+++ 



Sugar 

concen- 

tration. 


M/50 


ji/50 


M/50 


Crorji 

dia. i 


+ I 
(rori); 
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It will be noticed that in nearly every case, even in low concentration 
of sugar, there was an increased growth following the addition of sugar. 
Filter paper and oat broth, which normally produce pycnidia, gave strong 
i growth with saccharose, dextrose, and maltose, but no pycnidia. In 
the case of levulose M/30, the growth was not greatly increased, and one 
or two pycnidia appeared. This number is much less than the normal 
for filter paper alone. We may conclude that these sugars exert a repress- 
ing influence on pycnidium production, and at the same time augment 
vegetative growth. How this is brought about is difficult to explain; 
but in some way the ratio of the constituents was so altered that the 
limits for reproduction of some factor— e, g,, reaction— or of some group 
of factors was exceeded, 

A more comprehensive experiment was performed in which a large 
number of carbohydrates was tested. Equal parts of the minerals of 
Raulin’s solution in 2 X concentration were added to various Mjio sugar 
solutions and to 2 per cent solutions of the polyoses whose molecular 
weight is not known. Each combination was set up in four capsules, 
using 10 c,. c, per dish. The media were steamed on three successive 
days and inoculated with a drop of spore suspension for each dish. 
Table XXI gives the result of this experiment. 


XABt,® XX.I.— Effect of quality of food: Test -with carbohydrates 
ITime, a mooths] 


Carbohydrate. 


CoDceatration. 


Xylose (pentose) 

Maltose (disaccharose) 

Glucose (monosaccharose) . 
Mannose (monosaccharose). 
Galactose (monosaccharose) 
Levulose (monosaccharose ' 

Arabinose (pentose) 

&rbose (monosaccharose) . 
Sucrose (disaccharose) . . . , 
(polysaccharose), 
Lichenin (polysaccharose), 

Dextrin (polysaccharose). . 

bratin (polysaccharose) I 
(polyaccharose) 

(Polysacchar- 

p?^®®W‘S‘ccharose),.,. 

nrythrose (tetrosc), 


M/20 

Ml 20 

Mjso 

MI 20 . 

MI 20 

MI20 

Mjzo 

Mf20 

MI20 

M(20 

I per cent- 

I per cent. 

I per cent. 
I per cent. 
I per cent. 

I per cent. 


M(20.. 

Mf 20 .. 


Sttcot 

colonies. 


.]-4 

3 


1-2 

1-2 

K-i 

2'3 


Character. I , 

I IructificatJoa. 


Compact 

Compact 

Compact 

Compact 

Compact 

Compact 

Compact 

Floccose 

Compact 

Floccose, very loose. 
Louse mat, cx>ver- 
ing dish. 

Diffuse mat, cover- 
ing dish. 

do 

do 

— do 


No growth,.., 

No groudh . . . 
No growtli . . . 


Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Pycnidia. 

Oidia. 

Mycelium. 

Secondary 

spores. 

Pycnidia. 

Pycnidia. 

Pycnidia. 

Pycnidia. 


17210®^16. 
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In the above table the sugars and other carbohydrates are arr 
the basis of vigor of vegetative growth. In the main the result/of ” 
former experiment are substantiated. The strongest growth to 
with the highly soluble sugars, and the dishes were Mled with small K tn^ 
masses. The strongest growth was not associated with pycnidia o * 
tion, but on the contrary was opposed to it. At first glance the 1 
Roux and Linossier (1890) seems operative, for pycnidia appeared' 
the carbohydrates, which are known to have extremely high molccni™ 
weights. But this superficial agreement is abundantly contradicted y 
the first part of the list. Without regard to molecular weight thea 
sugars gave approximately the same growth form, and the variatiou in 
amount of growth was not striking. It will be noted that these sugaR 
are highly soluble, while those toward the bottom of the list are almost 
insoluble. In the one case every bit of the foodstuff was available while 
in the other only a slight amount of the carbohydrate was open to appro, 
priation. The preceding experiment with filter paper and sugars proved 
that, where the scant available carbohydrate of filter paper allowed 
pycnidia production, the addition of sugars destroyed the balance 
between growth and reproduction, and only growth took place. The 
. same general relations exist between the members in this table as existed 
in the former experiment. It is worthy of note that Roux and Linossier 
(1890) and later Hiekel (1906) drew their conclusions from carbohydrates 
such as the first seven. We can find in their method of work the source 
of their error. Their solutions were made up on a percentage basis, and 
where they drew a conclusion that a complex sugar like maltose in i per 
cent solution gave a more complex growth than a i per cent glucose 
solution, because of the difference in molecular weight, they were in 


reality comparing Af/jd and MjtS solutions, and their conclusion really 
applies to concentration. They had previously shown that a low con- 
centration would call out more complex growth forms. 

The cause of the variation in growth among the various sugars is not 
known. A great many factors undoubtedly enter. Nearly all the sugars 
used were split in approximately the same way by the various specific 
enzyms of the organism. Differences in absorption rates, in rapidity 
of enzymotic action, etc., may enter and be responsible for the differences 
in growth here recorded. It may further be remarked that although the 
sugars used were of the highest purity they vary in their relative free 0 
from contamination, owing to difficulties in separation and pun catio 
The colloidal carbohydrates undoubtedly carry a mass of a sor e 
material, while in the others, traces of calcium, nitrogenous ’ 

etc., may be present. It is not unusual to find a minute gummy 


on freshly prepared maltose solution. t, * hie The 

Certain other interesting points are to be found in t e a 
production of the growth form called “oidia —mu ^ ’ j.g„tly 
walled hyphs resembling Dematium or at times Mom la v'c 
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d in the highly soluble sugars. Such growth forms have commonly 
tern recognized as a reaction to high osmotic pressure. Temetz (1900) 
^ obtained these in acid solutions. But such growth forms have oc- 
curred with this fungus in distilled water and on filter paper, and no 
doubt this growth form, instead of being a specific reaction to concen- 
trationf is one induced by a number of unfavorable conditions. 

The action of sorbose has been disregarded, because this sugar is broken 
down by heat. The failure to obtain growth with lactose and erythrose 
is not without parallel in the literature. The action of wheat starch is 
peculiar, in view of the previous successful use of potato starch (Table X) . 

The action of lichenin is of great interest. This carbohydrate is a 
dextrin-like compound, almost insoluble in cold water and forming a 
gummy mass in hot water. In the turbid solution of this chemical the 
fungus produced a great number of secondary spores, evidently hypho- 
mycetous. These spores were of approximately the same size and 
shape as the ordinary spores of this fungus. The exact method of their 
production was not determined. Mounts of material gave only straight 
mycelial threads and great numbers of detached spores. Dilution plates 
poured from the culture dishes teeming with these spores gave no other 
organism than the one under investigation. The colonies appeared in 
the plates in such abundance as to leave no doubt concerning the relation 
of these colonies to the secondary spores. 

The experiments with carbohydrates may now be summarized. 
Nearly all carbohydrates tried served as a source for carbon. The general 
effect of adding sugars even in so low a concentration as .W/50 was to 
stimulate vegetative growth greatly, but this stimulated growth was 
accompanied by a pronounced repression of pycnidium formation. In an 
experiment with Af/ao solutions a strong mycelial growth was obtained, 
accompanied by oidia-like bodies, but fructification was absent. With 
slightly soluble carbohydrates, in which the actual amount of available 
soluble material was always limited, vegetative growth was weaker and 
pycnidium production was a general rule. A comparison of these highly 
soluble and shghtly soluble carbohydrates indicates that the differences 
in growth form are connected with the amount of food supply rather 
than with the specific nature of the sugar. This position is reinforced 
when we consider that the hydrolysis of inulin, gum arabic, etc., yields 
exactly those sugars which, when tested in M/ao concentration, gave no 
pyemeUa. In view of this comparison the earlier conclusion of Roux and 
Linossier (1890) seems untenable, and a more plausible explanation of 
t e differences of growth form obtained seems to be found in the con- 
centration relations. 

This matter of carbohydrate supply has obviously a marked influence 
upon the problem of the organic media for laboratory use. 
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Nitrogen supply. — That the organism was influenced by tlie lajj 
and amount of the nitrogen supplied seemed evident from the results'll 
experiments with standard media, such as beef broth and beef agsr ^ 
well as the results already reported for pea broth. 

A number of preliminary experiments of the same type as those 
ported under carbohydrates were performed at the same time, arid these 
indicated that the various nitrates influenced pycnidium formation. E® 
these results were not altogether consistent. The following experimcut 
(see Table XXII) with filter paper and tap water plus various cheui. 
cals, and the similar series in which distilled water was used, may be 
cited as typical. 


Table XXII .— of quality of food: Test with various nitrates 
[Time, 1 month] 


Chemical. 

1 


Distilled water. 

Tap water, 


Pycnitiia.j 

Growth. 

Pycnidia. 

Grmb. 


. 11/700 

io-ZO 

50-100 

30-50 

-i-d- 

2!>-50 

50-100 

100+ 

+++ 

+++ 

++ 


Ml too 


Calcium acid phosphate {Ca(H2* 
POJ3) + calcium nitrate. 

MI200, Ml 100 

++-(- 

Potassium acid phosphate -t- 

Mlioo each . . 


+++ 

100+ 

+ 

potassium nitrate. 

Filter paper 

Check 

9-20 

+ 

7-12 

i. 


From this experiment it could not be determined beyond questba 
that the nitrate ion was the potent factor in this increase in pycnidia 
formation, but the corresponding behavior of both the calcium and the 
potassium nitrate indicated that this was extremely likely. The increase 
in pycnidium production upon the addition of both a phosphate and a 
nitrate to this carbohydrate medium is significant. 

Since the nature of the carbon assimilation might greatly influence the 
nitrogen assimilation, experiments with these two compounds c^ 
hardly be separated. In the following experiment an attempU-as ma 
to test various classes of carbon-furnishing compounds wrth v j 
nitrogen sources. In this experiment the mineral soluUon mento 
the preceding section was used. The stock soluUon 
potassium phosphate as M/ioo, sodium caAonate as M mo J 
sium sulphate as M/yoo. To different portions of 
and maltose were added, respectively, so that each ^ 

at Mjjoo concentration. A fourth senes was prepare 
to tbi, cono of filter paper furnished toe » 

The various solutions were put into senes of ^ added 

ditoh. To these dishes the nitrogen solution (stod 

from a clean pipette i drop (1/20 c. c.) of P P ^ per cent) b 
solutions were made up M/50, except peptone, w 
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j- h The various combinations employed, and the dilutions pres- 
the culture, are indicated in Table XXIII. In every instance the 
Nation given shows the amount of the chemical that was present 
^^iTc'idture. The experiment was done in quadruplicate. 


TABi.e xxni 


^Effect of quality of food: Test with nitrogen and carbon compounds 


Stodc solution of minerals plus^ 


Carbon. 


Malic acid, Ul^oo. . 
Glycerol, Mjioo . . • 

Maltose, Mjioo 

Filter paper 

Malic acid, Mjioo, 
Glycerol, Mjjoo . . . 

Maltose, MjiOO 

Filter paper 


Malic acid, Mlioo . . 
Glycerol, Mjioo .... 

Maltose, Mjioo 

Filter paper 


Malic acid, Mjioo . 
Glycerol, Mjioo. . . 

Maltose, Mjioo 

Filter paper 


Malic acid, Mjioo . 
Glycerol, Mjioo. . . 

Maltose, Mjioo 

Filter paper 


I Number of 
pycnidia. 


[Peptone, 0.02 per cent. 


[Asparagin, Mjioo. . 


^Leucin, MJdoo. 


[potassium nitrate, ilZ/yoo. 


JOO 

60 


lOO-f- 


5 

0 

25-5® 


50 

0 


0 

10-15 


Scant. 

Strong. 

Strong. 

No growth. 

None . 
Scant. 
Strong. 
None.* 

Scant. 

Scant. 

Strong. 

None. 

None. 

None. 

Fair. 

Scant. 

Fair. 

Scant. 

Fair. 

Fair. 


Peptone 

Asparagin, M/500 

Leucin, Mjdoo 

Potassium nitrate, M/500. 


1-5 


0 

0 

o 


Scant. 

Scant. 

Scant. 

Scant. 


This experiment shows that nitrogen, as previously shown for carbon, 
may be taken from widely different classes of compounds. The avail- 
ability of any particular nitrogen compound is largely determined by 
the associated carbon compound. For instance, peptone, which carries 
available carbon, gave a large number of pycnidia with malic acid, but 
lone with maltose. Asparagin, which gives the best growth and the 
greatest number of pycnidia with maltose, gave no pycnidia mth malic 
mid. Glj'ccrol, which seems on the whole to be a poor carbon source, 
;ave with peptone strong pycnidium production, but with other nitrogen 
-ompounds behaved indifferently. As a further complication, peptone 
s able to serve both as nitrogen and as carbon source. Leucin gave 
poor growth with all carbon compounds except maltose, and a compari- 
son cf its behavior with that of asparagin, which is a compound of the 
^me class, is interesting. 





The experiment shows in a*striking way how unlimited the possiy 
combinations of nutrients may be. The marvelous thing is the absolute 
regularity of the product, regardless of this or that varied food suppJ 
Growth that morphologically could not be distinguished arose froa^ 
protein or a mineral nitrate. Pycnidia were produced from these widely 
divergent compounds, with carbon compounds equally separated, aud 
in these were billions of spores which did not differ in a manner pe,. 
mitting measurement, each a potentiality which could repeat indefinitely 
under these conditions the same reaction. 


From this experiment we may pick a combination which is favorable 
for growth, but which also gives an abundance of pycnidia. For fur. 
ther experiments the combination of minerals with maltose and asparagia 
was chosen. The steps, more or less logical, which lead to the develop, 
fflent of this synthetic culture solution may be reviewed. Experiment 
had shown that the essential mineral elements necessary for the growth 
and development of this fungus were contained in two mineral salts. Ex- 
periments in which these are added to various nutrient solutions gives 
hint as to the value and the concentration suitable. Eventually a com- 


pound was selected which gave the mineral salts which needed to be 
supplied and in addition had a chenucal which could be used to make the 
reaction less add, as desired. Previous work had shown that the 
organism could grow and produce pycnidia on extremely limited araonnts 
of minerals, so the amounts taken were extremely small— far smaller 
than the ordinary formulas call for. In choosing the carbohydrate, 
wide choice was possible, since so many allowed good growth. Maltose 


was selected for use in the experiment just reported, because, next to 
xylose, it had given the best growth. The use of xylose was not adris- 
able because of its high cost, but care was taken to use maltose in small 
amount, so that the effect found in the experiment reported in Table XX 
would not be repeated. Accordingly, Mjioo concentration rvas pro- 
visionally chosen. The device for deciding upon the nitrogen source 
has been detailed in the preceding experiment. The low concentra oa 
of nitrogen was chosen to avoid such toxic conditions as were foun « 
the pea broth. In passing, it may be said that an atternpt ™ 
secure approximately the ratio of carbon to “Sts 

com broth, which had been found 

Different concentrations of the separate constituents of 
solution were further tested, with "ly m« 

device used was to vary the ° ihis way approxi- 

holding the others constant. It was ‘bought that m to 

mately the optima for all the S ]ouVdistilled water 

The following experiment was perforin^ p- glass flasks, 

(sUghUy poorer than conductivity and the culture !«*> 

DilLoL^re prepared as outlined in the table, and the 
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steamed on three successive days. It was found that steaming instead 
of steriHzation under pressure was very important. In a previous 
attempt the media were sterilized in the autoclave, and upon inoculation 
absolutely no growth took place. The experiment was done in quad- 
ruplicate with one strain. Inoculation was made with a spore suspension 
as before. The flasks were set in strong diffuse light near a window. 
Readings were made after a month. Five c. c. of water were added to each 
hask, and a second set of readings > were made after another month. 
The result of the experiment is shown in Table XXIV. 


Tms XXlV.-Effect af qicalily of food: Tai with sjntheUc solution in various com- 
Dtnaiions 

ITime, i muoths) 


} Number of 
pycnidia. 


Potassium acid phosphate, Mfioo. 

Sodium carbonate, A//100 

Maltose, Mjioo 

Magnesium sulphate, A//500 


Potassium acid phosphate, Af/ioo. 

Sodium carbonate, Mjioo 

Magnesium sulphate, A//500 

Asparagin, MI500 


- . 

Uljioo. . 
Plus asparagin . . | Mj^oo . . 

iMjlyOOO. 
[M I 5, 000. 


(Mho. . . 
MI50. . . 
Mjioo . . 
Mj200. . 
Ml 1. 000. 


•Plus maltose... 


-- r.-osphate,Af/i-oo.'l 

magnesium 

Maltose, Jff/rtw sulphate. 

Asparagin, M/500 J ^ 


Potassium acid phosphate, Mhoo 


, Mjioo. . 
Mj^oo. . 


[Pius sodium car- 
bonate. 


Maltose, Mjioo 
Asparagin, Uls'od. 


Plus potassium 
acid phos- 
phate. 


'•V/50. . . 
Mjioo. 
■W/joo. 
Mji.ooo 
Mis, 000 

Ml 10 . . 
MI50 . . 
Mjioo. 
Mjioo . 
.Mji.ooo 

Mjio . . 

Mjso. 

Mjioo. 

Mjioo. 

Mji.ooo 


S° 

r. 

a 200 


SO 


++ 

+ 

+ 

+ t-f 
T-t- 
+ 
d 

■f-P 

++-!■ 

+-f 

++ 

+ 


+ 

++ 

++ 

+-I-+ 


++ 

FT 


- .ss I. 

value of the * very helpful one in determining the 

Asparagin wa.s employed. The cultures in which 

“thepreliminarT*'^ fortunate a concentration was chosen 

allows that if ^ ®^P®”™ents. Similarly the experience with maltose 
asparagin is taken as M/500 then the maltose must have 


Mr. J. H. Munde, for nuking these readings. 
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approximately five times the strength. The experiments with 
nesium sulphate are contradictory in part, but when the experience ^ 
page 742 is considered it may be concluded that for this organism th 
magnesium-sulphate ratio may be increased with profit. The^phos hat' 
proportion represented by Mjioo seems to be the favorable one Sodia ' 
carbonate is found to be a constituent entirely unnecessary and for the 
most part detrimental to fruit-body formation.* 

By this experiment, which could profitably be carried still farther 
within the limits indicated, a S5mthetic culture medium was obtained 
which gave for this organism a far greater pycnidia production than anv 
other medium tried. 

The merits of this medium may now be considered. It is a solution 
which contains the minerals necessary for growth of a vigorous char- 
acter, but these chemicals are not present in superfluous amounts, It 
contains the carbohydrate which gave a remarkably strong, vigorous 
growth with this fungus, but the amount of the sugar is limited. The 
nitrogen source is a chemical of known composition and with maltose 
gave the strongest pycnidium production in the previous e.xperiments. 
From the behavior of this organism we may conclude that we are ap- 
proaching an ideal culture medium for the growth and reproduction of this 
organism. But we may go even farther, since the physiological relations 
of fungi to the substratum are so much alike. We can safely say that 
this combination will be found widely useful in producing similar repro- 
duction in related forms. By the application of the same type of manip- 
ulation, some such combination can be found for other forms which ivill 
give better results than are now obtained on the ordinary media. 

We may now consider some of the ordinary laboratory media in their 
effects upon this organism. The fungus has been cultivated upon a 
great many of the ordinary materials used in the laboratory for stock 
cultures and for diagnostic work. In this culthre work the relation to 
light and to oxygen has been carefully observed. The relation to reaction 
hL been but tardily recognized. The experience reported for pea broth 
shows that almost all relations to media can be reversed by changes in 
reaction (acidity or alkaUnity). The initial relation is not, however, 0 
as much importance as the reaction to pbenophthalem after su aen 
growth has taken place to lead to pycnidium formation, a e - 
summarizes the behavior of the organism on the complex media, wi 
the relations on the synthetic soluti ons included for comparison. ^ 

I For convenico™ tht amounts ustd in prepwinj thissolution maybe eivoi. Stock solu 
cfaetnicaLs are prepared as follows; 

llagnesium 8ulphale+7 Aq. J.466 gni.+5o c. c. water. 

Potassium add phosphate 1.36 (on.+so c. c. water. 

Asp’.rajm 1.33 JCin-+ 50 c. c. water. 

Maltose 3.60 gm.+jo c. c. water. and < c. c. of each of theo 

For too c. c. BynLhrtic solution Ulse . c. c. of M/s mnsnrsmm sulphsts an 
aoIntioBS, tmd »dd to 8s c. c. wstcr. 8t»m on Oircr sacctssive dnys. 
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JaD. t7. 

g XX.V ^Effect of quality of food: Complex media compared with synthetic solution 


Tabled 


prun^juice aear (broth 
(rcua 75 PO- 

Glucose agar^ (glucose 3 

per cent; peptone I pw 

Q^-meal agar (Shear). . . 




Suodardagar 

Standard gelatin. . 
Filter p«)cr 


parsnip plug. . 


Carrot plug 

Pea broth (a seeds in re 
c, c.), 

Ccim broth (j grains in 
w c. c.). 


Beans (3 seeds in 10c. c.). 
Bananas (autoclaved) . . . 


Rice plus sXwater.. 


Oats (3 grains in lec.c.). 


Kaulin solution. . 


Synthetic solution; 
Potassium add phos- 
phate, Af//oo. 
Magnesium sidpbate, 
Af/^oo. 

Maltose, MIjqo 

Asparagin, jW/joo, . . 


Growth character. 


Strong white mycelium, 
becomiog greenish. 
Medium reddened. 

White, restricted growth 
becoming red-brown; 
oidia. 

Weak growth of myce- 
tiuiD. mostly sub- 
merged; DO mat. 

Strong growth, white, 
forming mat. 

Strong growth, white, 
gelatin slowly liquefied . 

Scant amount peeping 
from point of inocula- 
tion , becoming greenish 
black, paper not discol- 
ored. 

Strong, quickly covering 
plug, which shrivels. 
Color white, then tawy] 

As above, color greenish 
at close. 

Strong, fornmg tough 
nut, which becomes 
submerged; white. 

Scant to medium amount, 
submerged, forming a 
film, otherwise no aerial 
^owth, blackccifig at 
time of fruiting. 

As in peas 

Strong, covering slice, 
reddish brown when 
old. 

Strong, eoveriog grains, 
which blacken after a 
month; white myce- 
lium becoming gray- 
green. 

Weak, submerged growth 
forming film; blackens 
in a month. 

Strong white, becoming 
tawny. 

CJood white growth, sub- 
merged. foiming film 
(m surface, on which 
pycoidia form; myce- 
lium blackens just be- 

. fore fruiting. 


Strong tufted . 

Prominent. . , 

Scant, if any. 

Scant, if any. 
Fair amount. 


I sweeks. 


4 weeks. 


Tufts,. 

Tufts. . 
Scant.. 


1 -+ 4 - 
+ + -}- 


Strong 

Strong tufted . 


Strong tufted 


.-3 weeks. 

4 weeks. 
4 wedcs. 


Slowly 

formed. 


4wedcs. 


weeks. 


Aerial. 


1 * One formula calls for 200 gm. of glucose per liter (Harter, 1913). 


A comparison of the media veith reference to their reaction (+ or -) 
has aheady been made. In this relation we have a sharp determining 
factor which eliminates many preparations. Other media, such as rice, 
fflay be taken as cases where a poor balance exists between the nitrogen 
supply and the carbon supply, thus setting up an unfavorable toxic 
condition. The com broth and the synthetic solution behave alike, 
e aerial growth seems to be strongest in substrata of an acid character, 
ith rich substrata pycnidium production is aerial. The rapid pro- 
uction of pycnidia on filter paper is very significant. The wide range 
° suitable media is of great importance, and, since these substances 
®ust present carbohydrates and nitrogen compounds in great variety, 
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as was 


iiior. 


we have in these complex forms the same sort of result 
in Table XXIII. But, in spite of the variety, the growth is much 
same, and when fruiting bodies are produced they are the same ' 
phologically. Such uniformity can be explained only by the 
of an assimilation process which deals with. much the same stuffs ij 
the substrata. The reserve materials are then worked over by the 
toplasra under favorable conditions, and the fructification takes place 


ErrEcr ot Change of Intensitv of a Factor during the Growing Pujjjj 

Those experiments of Klebs (1899) in which a bit of rapidly gro,* 
mycelium of Saprolegnia mixta was transferred from a good nutriett 
solution to another of poorer quality, with resulting strong responses 
sporangium production, are the most striking demonstrations of the 
relation of checked growth to reproductive processes. In experiments 
of this type we have a device for studying some of the factors with the 
aim of their further simplification. We must, however, recognize that 
no matter how ingeniously the term “checked growth’” fits the phe- 
nomena described, it really tells us little about the physiological pro- 
cesses underlying. 

The following experiment was performed. Strongly growing mycelim 
( I week old on com broth) was washed in two changes of 500 c. c. each of 
conductivity water. This mycelium was cut in pieces approximately 
the same size with sterile scissors and was added to the various sterile 
solutions shown in the table, with the results shown in Table XXVL 


Table XXVL— Effect of change of intensity of a factor: Wiihdraml of Msafplj 

(Time, i week] 


Medium. 

Number of 
pycnidia. 

Growth in- 
crancni. 

i-week-old mycelium added to — 

25 

++ 


5 

25 





0 

++++ 


2 

+ 


0 

++T++ 


0 

+T 

Check (similar mycelium allowed to grow undisturbed) . 

0 


It is evident from these results that with the withdrawal of t e 00 
supply from vigorous, susceptible mycelium reproduction sets m pro ^ 
The results were obtained in one week— two weeks after 
although normally pycnidium production with com grams is 
Tills hastening of the reproductive process by change o q ^ 
supply indicates that here we were able to produce t e 
takes place more slowly in the ordinary cultures. 
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The following experiment (see Table XXVlIWfTI ' 

part of the experiment given on page 741 Perfonned as 

concentration upon the mycelium. The of 

broth and with synthetic solution. The trC f 00m 

weeks’ growth had taken place. * after three 


Taars XXVU.-EffecI of chan,, „/ inUnsity of a foe, or n 

food supply ■ Change of coucenlratiott of 
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The results given in Table XXVII show in striking manner the eff 
the transfer of mycelium from one concentration to another. When * 
lium from a poor solution is placed in a rich solution, it berins t 

. . ... * " w gto. 


vigorously, and, on the other hand, when rapidly growing 


“yceliutn is 


growl] 


transferred to a solution of less concentration, the increase m 
is less. Exactly as the mycelium is checked or started into groBH 
reproduction is fostered or inhibited. While from the results of tt' 
experiments reported before it could only be said that these condition' 
of growth and reproduction occurred constantly side by side and there 
fore were related. From this last experiment we have definite proof of 
the interrelation of these two processes. ^ 

Other factors than food supply were experimented upon in the same 
way. The experiment previously reported under temperature (p. pa 
strictly speaking belongs here. It may be remarked that pycnidium pro. 
duction began in the cold before it began in the cultures under room 
conditions. A similar experiment was performed with com broth 
Com grains with mycelium about two weeks old, which showed no signs of 
pycnidium production, were set near a window at room temperature, and 
in the light in a cold attic where th 8 temperature was about io° C, 
After one week there were many pycnidia in the culture in the cold and 
the growth was checked, while in the culture under room conditions 
pycnidia production was just beginning and growth bad continued 
regularly. After two weeks, however, the pycnidia were abundant in 
all the cultures, but were more abundant in the cultures under room 
conditions. From this experiment it is seen that a checking of growth 
by other means than food withdrawal can operate in much the same 
favorable way upon reproduction. 

If, then, the factor light, which is known to have a strong power of 
checking growth, operates in influencing pycnidia production in this 
manner, we should be able to replace the light effect by checking the 
mycelial growth in some other way. Cultures, if left in the dark, ought 
to produce pycnidia eventually. Cultures with scanty food supply, 
such as those on filler paper, ought to yield pycnidia rather quickly in 
the dark. The experiments already reported have failed to show this 
action. Therefore, the action of light is not merely due to the checking 
influence which it has upon mycelial growth. If it were, we shon 
have the paradoxical condition in which the withdrawal of lig t rom 
a culture with limited food supply would augment pycnidium pro uction, 
because of the greater growth in the dark and the more rapid minu 

of the nourishment. , 

The following experiment (see Table XXVIII) was pe 
whi-h the effect of checking the growth of corn-broth cu 
temperatures was tried in both light and dark conditions. 
cultures 12 days old were placed under the conditions s 
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table. The cultures in the dark were placed in the dark chambers 
described on page 723. and those in the Kght were placed in battery iars 
with tilted covers. ^ ‘ 

Table XXVIir.-£/ed „/ change of inkmily of a factor: Change in tempcralnre 



PycnidLt, 

— ~ 


One 

week. 

Two 

weeks. 

inoement, 
two wedb, 

Room temperature (22“): 

9 Dark. 



' 

Light 

0-4 1 

0 

' ++++ 

Approximately 10®: 

Dark 

25*50 

"f-f 

Light 

10-15 I 

0 

■f + 


10-25 

4 --f 


, 

' — 




eonunucQ lor two weeks longer without any 
chMge in the relations. This experiment reinforces the conclusion 
just arnved at that hght has some other action than a mere check “^0? 
growth and its action can not be replaced by a mere checking of g^wth 
Light IS known to have a powerful oxidizing effect, and organic material 
fictwo according to Freer and Novy 

2.' " by tbe catalytic 

The following experiment was tried to determine whether some such 
22" 2'di "as <^hecked with JtLToUhl 

Mexamination);:2:^,r^;-rxS^^^ 

Table XXrx.-£i-.,i of^onge '>f i’^t^r^Uy^of a factor: Addition of hydrogen fcrocd to 


Medium. 




Pj’cniilia. 




“4 to 8 . 


to repIac'^2^2hT^ hydrogen peroxid it was possible 

“ation must be of so2 2 “ fniit-body for- 

at least six times wirh This experiment was repeated 

^ithcidturesgro,^u,2d2f hydrogen peroxid. 

the dark for from two to three weeks, the addition 



758 


Journal of Agricultural Research 


of from 1/25 to 1/5 c. c. of hydrogen peroxid (3 per cent) would projj 
few pycnidia with darkened cultures. In the stronger ®oncenttatioas?c 
mycelium was completely enveloped with a froth. After the first stim 
lation the cultures produced no further pycnidia. It must be saij 
in no case were pycnidia produced in amounts equal to those nnd 
light conditions. At best the use of hydrogen peroxid is a very 
method. 

With young cultures or with very old cultures the hydrogen perofij 
was ineffective. In these its behavior is like that of light. 

Other chemicals known to be strong oxidizing agents were employ^ 
It may be said that nearly all gave positive results at extremely waj 
dilutions, provided that the mycelium used was in proper condition 
Mycelium which would produce pycnidia by an hour's exposure toligit 
gave good results with the oxidizing agents. 

Another factor was doubtless responsible for the inequality of pyj. 
nidium formation in these experiments. All the chemicals used are 
toxic to the mycelium. In the concentrations used, these poisoned tie 
cultures and certainly affected the reactions. 

Table XXX summarizes the successful trials. 


TABI.E XXX. — £ff(ct of change of intensity of a factor: Use of various chemtet! 


Chemical and cooceatratioo. 

Com broth. 

Synthetic. 

Pa. 


+ 

+ 

+ 


+ 



Sulphuric acid (HjSO,), A//500,+ potassium dichro- 

+ 

+ 


Potassium permanganate (KjMiiaO;), A/, ^500 

+ 

+ 

- 

Zinc sulphate (ZnSO^), A//500 



- 


GENERAL DISCUSSION 

The work reported in this paper has given more or less of a definition 
of the environment in which Pktwdomus juscomaculans can live and 
reproduce. We now know the bare essentials for growth-the base leri 
of existence— since we know the minima of the various formal con - 
tions of growth. Similarly, we know some of the highest intensities 

which can be tolerated. ... 

For growth at the base level of existence, there is only 
almost immeasurably small food supply of conductivity water, a 
amount of free oxygen, and a temperature of 6° ^ 

These factors may be increased in intensity until there is 0 
food supply enormously larger, abundant oxygen, an jg 

to 37° C. -perhaps higher. But as the simple 
passed, the interactions of the component factors 0 
increase, and new factors arise which also have t eir 
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Increase of food supply we must 

.‘parts, the ratio of these parts to each other hnth <=>iemical 

and throughout the growing period. We analnl“* 
jdassify them as reaction, etc, ^ relations and 

For pycnidium production the limits are found, to k . 
than those suitable for growth. No reorod ,• “ “ narrower 
- base level of existence. F«,d supl ‘’’e 

but m measurable amount. Ffom the scantv greatly, 

‘water it must increase to the quantity fo..nd • conductivity 

foldto tenfold increase. Or it Lsfbl' Sem ‘'^<> 

of ae quantity cooked from a few sheets of finert 1 
hvity water, but one-tenth of this amount P^Per by conduc- 

must be present in abundance- staenant a' sufficient. Oxygen 

temperature may be as low as’ lo^C but The 

■ ^P * certain limit (perhaps up to MuZ ^ C. 

fl!, “f '“PP‘T reproduction^ 
food supply retards and eventLly khibitslnr^ ^^cess 

bon, when it docs take place with I f P™ctifica. 

place m the aerial mycelium, and donbtlcs h **' ‘^““'^^"•ration, takes 

Mportauce to growth, are of decisivf °f ^cme 

Growth can take place between thfr^ rr'""* reproductioT 
to pheuolphthalein, but renrnd ® '’®>ts of + and 

f tie -<^cy lalraL m r aT r 

‘ctaboChS^ ‘“O grew umTth 

"btaiaed aZ'Z rnedium eave P'“t— as m the acid 

the concentration or relative siT reaction 

relative scantiness of carbohydrate 
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and protein. The least adapted synthetic solution for this k 
(Raulin, 1869). could be made to yield pycnidia by the addition 
which probably counteracted the acidity; and pea cultures 
mycelium was submerged and nearly dead could be mr 
produce pycnidia by.mere acidification. Furthermore, pea cultures tj 
which sugar is added to balance the protein produce abundant pyajii 
in the aerial hyphae. 

A consideration of the various labdtatory media shows them to b, 
rather purposeless, clumsy devices, in which this organism is oveifej 
Except the very simplest ones, none have warrant for existence if coj. 
sidered from the point of view of adaptability for a specific pmposf 
The great similarity of results on the various media seems to require tl, 
conclusion that these foodstuffs are not specific. Any fruit or vegt 
table is a full nutrient for almost any organism if the material be made 
properly soluble, and any harmful acid or alkaline reaction or otherwise 
unfavorable concentration be adjusted. Probably any biological prodta 
can likewise be utilized. Our methods have made a fetish of variety ad 
have completely neglected the contributing factors. 

As has been said, fungi behave alike in their relations to the substrata 
in the vast majority of cases. That the findings for this organism apply 
to others seems entirely probable. In many ways confirmatory evite 
is to be found in the present practices. A certain medium is discowed 
which gives fruiting bodies for some fungus. A number of other oiganisB 
not at all related, in spite of differences in life relation, are also found ti 
fruit upon this medium. 

A consideration of one of the best preparations devised for fnilt-hodr 
formation is very interesting. Shear’s com-meal agar is made bystifen- 
ing with agar the infusion obtained from four teaspoonfuls of com meal 
(Shear and Wood, 1913). This medium is suitable for fructification h 
this organism, because it gives a scanty food supply, yet sufficient reaily 
available to produce the growth necessary for pycnidium formatioD, 
The ratio of carbohydrate to protein is such that the reaction rem* 
acid. Reasoning from such similar phenomena, a rather general app a 
tion may be made. Any organism of this type can be made to grow an 
fruit upon a synthetic substratum containing the essential componen , 
provided that the ratio of the components, hence the acid or a 
reaction, and the concentration, be adjusted to the limits ema ^ 
the particular organism. This assumes that the faetom 0 i„ . 
peraturc, aeration, etc., also fall within their own s'^'^able 
We have, therefore, within the reach of expenmenta w 
biUty of developing an environment which can be so ® ® 
always be duplicated, suitable for a great ° 

1910). With such a chemically and physically defi 
classification of organisms could be placed upon a soun e 


''hick 


growi 
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It is commonly admitted that the descriptbT^ 
taken under the assumption of some definite “^Mism must be 
mass of media in common use, the uncertaintv'nr'^'’”™^*; ^reat 
of standardization, and the usual failure tn L- the lack 

[haveleft the description of fungi with only thenltL^M 
[environment. With forms of comparativelv =' f 
istandard has led to the classification by hostf this 

pKcity of species. A firm basis for tLonomv clt'a ™“'ti- 

simplification can come, only from a standard' L '‘"'J 

A. ta. i. i 

ment must also be defined. With the .f f “'''in- 

forms we shall be able to a great extflt ral; T 

In the present paper one such force has bee 
[discovered to be related to the liberation of “ Md its action 

[ Light was found to be essential for oxidation. 

'or insufficient, although all other reqZ^nTs we 
tnedmm suitable for growth and fo^ sZy \T7- a 

temperature, all within the proper limits^^ reaction, 

not take place. Instead, aerial i^ceUum k Production will 

orgamsm goes into a static condition The Lhr? ' 

^■nits. Weak light will not allow pv Jfdi, *‘5 

hffers from the others in that its aS „rd footer 

therefore of direct stimulative mL ^ is 

effuse hght of cultures from dark eondif ^ exposure to strong 
for pycmdia formation, gives the nee othenvise ready 

» >l».t a tte 

“auguration of the process. “ necessary for a second 

h «.1» »ph» Ih, Bji, ■''If'” ‘Afcs«" p.a«d 
fed r*"'' f™“-body format Th ^^0 

hed mycehunr is rich in oify reserve ^ J of well-nour- 

jyozudrzethese bodies and clmnl™^ and the action of light 
of great diffnsibifitv t 

nechan® ^rrrl fruit-bodv fn '^®™P“^rig this we have a 

nism of this process k not v ^ ormation is inaugurated The 

“o^thaffh ^ ^ known at all w u 

urve ^ «Ponilation of yeast is 


^d to it-'Th“^ ■‘’."“^‘fon, nor does the ^Zof Mr ‘““'^'‘‘ely 
• The action of light is modifiZ a ^ cultures 

'-1^ « ** "modified and controlled by the condi- 


ir2io». 
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tion of the mycelium, and this we have seen is a resultant 


of the 


ronmental factors. In other words, we must consider in what wav 
of mycelium with checked vegetative growth is influenced to 


envi. 
■y a- mass 
reprodiic- 


tion, while one in active growth is unaffected. 

The cause of this relation to light, or, better, to oxidation is 
stood if we take into account the fact that among organisms and a ' 
parts of the same organism there exists a strong competition for 0 ■ ^ 
In the cell itself the various processes inhibit and influence each othe 
by their oxygen relations. Oxidation is never at its maximum in the 
cell under ordinary conditions, as simple tests with increased oxy en 
tensions show (Porodko, 1904). Organisms well aerated grow better 
than those in an air supply below the optimum. The action of oxidation 
is to release energy. The materials oxidized are either the foodstuffs 
suitable for nutrition or the cell material which growth has stored up 
Euler (1909) contrasts growth, a stretching process, with reproductioni 
a differentiating and formative process. Growth is a proces,s which is 
gradual, and it takes place even if only a small amount of energy be 
available. It is a process taking less energy than reproduction, as all 
respiration experiments have shown. The great consumption of energy 
in reproduction is doubtless associated with the great amount of nuclear 
protoplasm which must be formed. Growth, therefore, is the process 
first inaugurated, and the one which continues so long as the food supply 
is abundant and outer conditions permit. It is a static condition, as 
reproduction is dynamic. 

In the hunger state the oxidations are different to a marked degree, 
as Kosinski (1901) has discovered, and here we have the cell reserve 
gradually drawn upon. The fats and even the proteins may be oxidized, 
according to Purievich (1900). But in this hunger state the respiration 
is reduced, according to Kosinski; hence, the working is slow. These 
metabolic relations, in spite of their great complexity, balance each other. 

It would seem that reproduction is not possible under conditions 


favoring growth, because the oxygen supply is all used in ordinary 
metabolism. With the hunger state, respiration is reduced. Oxidation 
becomes vigorous if it be stimulated by light. No doubt any catalytic 
agent would be similarly effective. Once in this hunger state, oxidation, 
if augmented, takes place upon the rich cell stuffs, with the liberation 0 
much energy. This energy is used in reshaping the reserve stuffs into 
complex protein bodies — the spores. The sharper the hunger con lUon 
is made, the more striking the reaction in pycnidium production, 
sudden withdrawal of the food supply by the transfer of ric y 
mycelium to lower concentrations or to distilled water, c ec 's 
assindlation, with its attendant use of oxygen. If oxidation 0 
reserves be inaugurated by light or some strong oxidizing agen , 
cation takes place. 
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We may now consider other factors in the light of this theory. Experi- 
ment has shown that aeration is essential for reproduction. The action 
of light upon the protoplasm is dependent upon the oxygen supply. 
Aeration may work to continue the oxidizing process by the removal of 
end products, thus allowing oxidations to proceed to completion. In 
many cases recorded in the literature the effect of transpiration is to 
further the exchange of gases. The action of low temperature was to 
check growth, and pycnidium produetion was found to start, Euler 
(1909) slates that lowering the temperature affects the oxidation process 
to a lesser degree than it affects other processes. 

The action of the acid reaction is interesting and confinnatory So 
far in this discussion the mechanics of the oxidation have not been con 
sidered.^ Oxidations in plants are generally believed to take place throuzb 
the activity of oxidases of various sorts. As is well known light acti 
vates this type of enzym, although it is detrimental to such’enzyms as 
(hastMe (Euler, 1909, p 97). The pronounced and sudden blackening 
of cultures about to produce pycnidia is very significant and can be best 
^plained by the oxidation of some leuco compound by an oxi’d^e 
( ‘DIO, p. 787). Some oxidases are known which work better in 
slightly acid medium. We have seen that for this organism an alka“ 
line medium was prejudiaal to reproduction. The effect of acid reaction 

This it does by its cataly&f'nfl * the reproductive process, 

^^tivation of o^dL^ atn, to the 

favorable to their continued '"®‘'^'^tion of a reaction (acid) 

»°t proceed to reproduction 'iris’ °«‘t=‘tion thus set up does 

®"wgy. If growth^ not ahi “ consuming the 

M some cheLng influencf h ^''PP'y 

a building rfSrr ' tH ^ *^tion of light inau,^- 
This general discu^or^ u 

P«‘-tioi> of the Vper it wa.sT’' .r ^ 1“ the historical 

“ liiiective and coUecLT environment may be viewed as 

Jfe history of an organism S the 

and by their ^'“^^“^‘‘tions of Klebs are 

eiy oadness make possible acceptance in a wide 
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range of cases. Their teachings can not, however, be made the basis for 
research without the development of methods of attack suitable to a 
series of forms. The method of this paper may be used for similar 
organisms. 

The first part of the paper may be interpreted as a detenninatiou of 
the limits of the life processes, which, when once determined, allow m 
the latter part of the paper a manipulation of them. The knowledge of 
the factors and their optima made possible a development of an emdroti. 
ment especially fitted for growth and reproduction. 

The proposition of Klebs, that the limits of reproduction are narrower 
than those of growth, is fully substantiated. Klebs further pointed oat 
that growth and reproduction are processes opposed to each other. This 
is true for the organism studied. 

The action of light has led to an insight into the mechanism of this 
opposed action. It has shown that growth, the static condition, is 
opposed to reproduction, a dynamic condition. Where one process is 
storing energy, the other is a process consuming energy. The equilib- 
rium within the cells needs to be upset by some oxidizing force in the 
case of this fungus to inaugurate fruit-body formation in susceptible 
mycelium. 

It is not concluded from the experiments with this species that Kght 
is a specific factor which will cause reproduction to take place In all 
forms, once growth is checked, although it may be expected to be an 
important condition in related organisms. But, in view of the great 
similarity of behavior in all the forms tested so far with respect to growth 
and reproduction, it may be concluded that in them some stimulus be- 
comes operative when an organism is in the hunger state which starts the 
utiUzation by oxidation of the stored food supply and leads to the phe- 
nonienon of reproduction. 

SUMMARY 

This paper gives the results of ^ 

jusconaculans, a fungus pathogenic to he apple. The^^ 

undertaken was the determinatjon of e e . , pj this fungus, 

environmental factors upon the growth and ^ to 

The historical development of the art of cult g 
traced from the first crude cultures P^J tL physiology oi 

The simultaneous development of shows that the 

organisms has been briefly summarized. orocesses of organ- 

environmental factors may greatly m uence 1 ,^ an imitative 

Un... 0,*.™. h». b« 

or haphazard way, with a chance of the great plastwi) 

gt o,6a«lmi, tl>a c»u»e Hu b«. p* ^ ^ J «»»• 

Another type of research has sought t 
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its environment and by manipulation of the environmental factors to 
‘v er the various phases of life history. Although many related 
have been grown in pure culture, very little physiological work of 
thiTtype has been done with the Sphaeropsidales. 

The organism was found to have a wider range of conditions suitable 
for growth than for reproduction. The base level of conditions neces- 
rv for growth is found in conductivity water at low temperatures. 
ReVoduction requires more favorable conditions. Pycnidium pro- 
ducdon took place only in cultures exposed to light. The ordinary 
room temperatures were sufficient. Abundant aeration is essential. 
Transpiration is a factor of secondary importance. A slight acid reaction, 
especially at the close of the growing period, is a necessary condition. 
The value of a medium depends largely upon the acid or alkaline reac- 
tions present, not alone at the beginning but at the close of the growing 
period. Autointoxication was observed and was traced to excess of 
either add or ammonia, which was the product of too great a proportion 
of either carbohydrate or protein, respectively. 

As has been said, the quantity of foodstuff necessary for growth is 
extremely minute. Pycnidium production requires more food, but the 
meager amount present in distilled water is sufficient to allow the pro- 
duction of a few pycnidia. On the other hand, the fungus is able to 
tolerate very rich food supplies, but pycnidium production in solutions is 
restricted to Af/xoo or perhaps M/50 sugar concentration. Exact limits 
are hard to determine, because of the formation of mats or films in solu- 
tions, which effectively wall off much of the food supply. Fructification 
in the case of rich media takes place in the aerial hyphte, and no doubt 
this relation corresponds with the conditions in solutions. 

Magnesium sulphate and potassium dihydrogcu phosphate in very 
dilute solutions furnish the necessary mineral elements for growth and 
reproduction. The carbon supply may be taken from a uide range of 
compounds of alcoholic structure. The carbohydrates furnish food 
materials in most available form, and, of these, xylose and maltose pro- 
duce the best growth. The carbohydrates do not seem to be specific in 
producing fruiting bodies, and almost any are suitable if taken at the 
right dilution. The nitrogen assimilation is greatly influenced by the 
type of carbon nutrition. 

The minerals mentioned and maltose and asparagin at the ratio of 5 to i 
seem to offer. the most favorable combination, although others are 
suitable. From the experiments a medium was selected which though 
of entirely known composition gave better growth than any other tued. 
This synthetic solution had a scant amount of food supply, yet enough 
to permit a quick, vigorous growth. It retains the acid reaction till the 
cl^ of the growing period. A study of this medium gave a basis for a 
cntidsm of results obtained with the common laboratory combinations. 
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The problem of this paper was a study of the effect of cnvirona 
factors upon this organism, espedally as they influenced growth*^ 
reproduction. The experiments here reported verify the condusioti^'! 
Klebs and extend them for an untested group of organisms, the Sni " 
ropsidales. As has been pointed out, in this paper the method of appr^i 
was different from the inductive methods used by Klebs in dranin^j 
conclusions, since the methods employed here were deductive, based 
our knoveledge of the reactions of other organisms. The experiments nitl 
Plenodomus juscomactdans give a method applicable to related fems 
The results of this physiological work give a basis for practical recon^ 
mendations as to the culture of other organisms, as well as ewdence of the 
feasibility of developing a standard synthetic solution which would mist 
possible a standardization of environments for diagnostic purposes, 
The action of light, when pushed to a last analysis and when coj. 
sidered in view of the e,Kperiraent in which hydrogen peroxid and othtr 
oxidizing agents replaced it, is seen to be of either an oxidizing or 3 
catalytic type. This led to the development of a theory to explan the 
mechanism of the opposed action of growth and reproduction. This 
theory sees in the competition for oxygen the fundamental reason for the 
absence of fructification under conditions which allow abundant growth. 
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ttFFECT of elemental sulphur and OF CALCIUM 
SULPHATE ON CERTAIN OF THE HIGHER AND 
lower FORMS OF PLANT LIFE ‘ 

By Waiter Pitz, 

Assislant Agricullural Chemist, Agricultural Experiment Station 
of the University of Wisconsin 

INTRODUCTION 

A study of the liteature ^ shows that a number of investigators have 
noted a beneficial effect when elemental sulphur or sulphates are added 
to certain soils. The number of these investigations and also the types 
of soil and plants employed are limited. Certain workers report no 
beneficial effects from the addition of sulphur or sulphates to soil, and in 
isolated cases an injurious effect has been noted. Just how the sulphur 
or its compounds act is little understood, but there are two plausible 
explanations: (i) That it acts as a fertilizer, supplying the sulphur 
needed for plant growth, and (2) that it acts as a corrective agent — 
i. e., it favors beneficial groups of bacteria, while injurious forms are re- 
tarded in growth. However, the problem of sulphur and sulphates in agri- 
culture is still far from being solved. This is especially true in the case 
of the effect of sulphur and sulphur compounds upon micro-organisms. 
In order to study this phase of the problem, a series of experiments 
was planned. 

PLAN OF WORK 

The object of these experiments was (i) to note the effect of sulphur 
and sulphates upon the soil micro-organisms and on pure cultures of 
legume bacteria, and (2) to note the effect of sulphur and sulphates upon 
the growth of red clover {Trijolium pralense). 

For the experiments with mixed cultures, fresh soil was used as an 
inoculum. For legume bacteria all materials were sterilized, and the 
nutrient medium was inoculated with a pure culture of bacteria from the 
nodules of ted clover. 

* Paper from the Laboratories of Agriniltuia] Bacteriology and Agriimlttiral Chemistry of the Unir 
of Wisconsin. 

Hart, E. B., and Tottingham, W. E. The lelation of sulphur compounds to plant nutrition. In 
Jour, Agr. Research, v. 5, no. 6, pp, 233-250. 1915. Literature cited, p. 249. 
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EFFECT OF ELEMENTAL SULPHUR AND SULPHATES ON c™ 
BACTERIA 


MIXED CULTURES 


For these experiments ten i -gallon jars containing 2 kgm 
Miami silt loam taken from the Wisconsin Experiment Station fa 
were used. The analysis of this soil is as follows : 

. Pecent 

Potassium 

Nitrogen j. 

Phosphorus 

Sulphur 

Calcium carbonate 

Humus 

The moisture content of the soil was held at 18 per cent, or about half, 
saturation. Each jar was covered with a layer of cotton and gauze to 
prevent contamination, and was incubated at 28° C. Various amouats 
of sulphur and of calcium sulphate were added to the pots, as shown in 
Table I. At definite intervals samples were taken from the jars and 
bacterial counts as well as determinations of ammonia and of nitrates 
made. The results of the latter are given in Table I. 


Table 1- — Ej^ect of calcium sulphate and elemental sulphur on soil bactem 


Treatment. 

Ntunber of orssnisms per gram of soil after-- 

13 days. 

5© days. 

4-5 days. 

73 days. 

93 days. 


6.866,000 

8,7461000 

to, 790, 000 

6 , 559 iO» 

! io.j28.te8 

Given e.oi per cent of calcium sulphate — 

6.866,000 

10, 544,000 

13,900,000 1 

6, 590, 00® 1 

' n,o86,o» 

.05 per cent of calcium sulphate — 

8. 506.000 

14,140,000 

rj, 789,000 1 

8,028,000 

9 ,W 5 't« 

.to per cent of calcium sulphate. . . 

7 , 331,000 

7,933,000 

13,060.000 

7.923.000 1 

9,224;Ce8 

.50 per cent of calcium sulphate — 

8, 390,000 

8, 039 , 000 

13,430,000 

7-548,000 

1 io, 30 ,i;,e« 

1. 00 per cent of calcium sulphate — 

8, 580,000 

9.585,000 

13.938,000 

7,668iOeo 

: 9 ,W 5 'K« 

Untreated 

6,590,000 

9, 166,000 

8,636.000 

6 . 949,000 

9 ,;o 5 .jco 

Given o.or per cent of sulphur 

7,429.000 

8, 746,000 

6.866,000 

7.923.000 


.05 per cent of sulphur 

9, 106,000 

8, SM.ooo 

.0,065,000 ^ 

7,668,000 ; 


.10 per cent sulphur 

8.390.000 

8.308,000 . 

to, joo.coo 

6,590,000 


.50 per cent of sulphur 

8.864,000 

11 , 030.000 j 

4,914,000 

3 , 594,'»5 

2, yysi uvu 

1.00 per cent of sulphur 

6,504,000 

7,070,000 

2 , 63 S.<»o 




The data show that calcium sulphate in the quantities used apparently 
has little effect on the number of soil organisms. Elemental sulphur, 
however, decreases the number of soil organisms that grow on aoSi 
plates. This decrease is not noticed until after 44 days, and only in soi 
to which 0.05 and i. per cent of sulphur had been added. 
acidity tests of the soils of these two jars showed it to be disdnet y ac 
This is corroborated by the work of Lint,* who has shown t at in » 
elemental sulphur is oxidized to sulphate and that the acidity P“ 
is proportional to the amount of sulphur added. Aridity 
were made according to Truog's’ met hod and are given in 

■ Lint, H, c. The mfiuence ol sulphur on soil uddity, Ifi Jour. Indus, and Eogin. 

• 1vI^E.’'a new test ior soil uddity. WU. Ayr. Exp. SU. Bui. S49. rSp., jfi*- ' d- 
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Effect of Sulphur and Calcium Sulphate on Plants 

Table H - — -Acidity of ioil treated -with elemental sulphur 


Treatmeat. 

Calcium oxid 
necessary to 
neutralize acid 
miogm-ofsoiL 


Gm. 

0. 0000 

. 0000 

. 0000 

. 0011 
.0369 
.0668 

Given o.oi per cent of sulphur. 
.05 pcrcentof sulphur. 

. 10 per cent of sulphur. 

. 50 per cent of sul ph ur . 
1. 00 per cent of sulphur. 
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The results of these determinations show that the acidity produced 
by the oxidation of elemental sulphur to sulphate is proportional to 
the amount of sulphur added. In the samples to which o.oi and 0.05 
per cent of sulphur had been added, the soil contained enough lime to 
neutralize the acidity. 

Change in reaction is probably the cause of the decrease in the number 
of the soil organisms. Abundant mold growth was found on the surface 
of the acid soils. 

Table III shows that calcium sulphate in the quantities used has no 
effect on the production of ammonia in the soil. Elemental sulphur, 
however, in concentrations of 0.5 and i per cent increases the production 
of ammonia to a marked degree. This increase is noticeable after 44 
days. 

Table III . — Effect of calcium sulphate and elemental sulphur on the production of 
ammonia in the soil 


Treatment. 

Quantity (in miUigrams) of ammonia nitrogen per im 
gra. of soil after— 


12 days. 

30 days. 

44 days. 

72 days. 

93 days. 

Untreated 







tiiven o.vi per cent of calcium sulphate. . . . 

• os per cent of calcium sulphate. . . . 

■ 10 per cent of caldum sulphate. . . . 

• so per cent of calcium sulphate 

Untr • 

3.19 
3. 19 
3S7 
3 - '9 
3.82 

2 

2 

2 

2 

2 

38 

2t 

38 

29 

21 

3*33 
3.06 
3-23 
3-36 
3- 06 

2.8q 

3.06 

3-32 

3.40 

3 - 23 

3.43 

3' 57 
3-23 
3-57 
3-40 

tiivea 0. 01 per cent of suinhiir 



38 

29 

3 - >9 
3- 06 


I V? 

• os per cent of sulphur. . . . 

J 91 
3 - >9 


2.46 

3-23 

• ro per cent of sulphur. , 


• 50 per cent of sulohur 

3-83 



^ P” 

7 -ji 


J- 00 per cent of sulphur. . 


89 

6.80 

9-52 

— 





The data in Table IV show that calcium sulphate in the quantities 
used does not materially affect the formation of nitrates in the soil. Ele- 
mental sulphur, on the other hand, in concentrations of 0.5 and i per 
cent decreases nitrate formation. This decrease is noticeable after 30 
ays. Previous to this time the sulphur does not seem to injure nitrate 
’^nation. Concentrations of sulphur lower than 0.5 per cent have no 
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appreciable effect on nitrification. It should be noted that 
bacterial counts begin to decrease after 44 days, the ammonia 
begins to increase at this time. 


"■hile tie 


Table IV.— Effect of calcium sulphate and elemental sulphur on niiraf 

the soil ^ 


Produeix 


lion 


Treatment. 


Ouinlily (in miUisrams) of ammonii nitm*. 
gm. of soil after— 



1 2 days. 

30 days. 

44^avs. 



*•34 
t- 25 
z. or 
tiS 
I- 2i 
1.82 
1.66 
1.99 


Given o.oi per cent of calcium sulphate . . . 

.05 per cent of calcium sulphate 

. 10 per cent of calcium sulphate 

.50 per cent of calcium sulphate 

1,00 per cent of calcium sulphate. . . . 

i- 12 
2. 4a 

1.86 

*-3S 

2.95 
«-33 
2.49 
2. 10 

3- 45 
2-39 



2.65 




1-38 




•54 

•54 




1-41 

.64 



days. 


S -93 

i-ii 

4.58 

4-ii 
2’ 92 
2 .8? 
3’ 9} 
3’ 13 

3- 29 

4- 13 
I- 14 

•95 


9 J days, 


5'?i 

5’4l 

<■9} 

451 

455 

41J 


PURE CULTURES 

In order to determine the effect of calcium sulphate on pure cultures 

of legume bacteria (red clover), Ashby’ssolution, minus the sulphate, was 

used. To too c. c. portions of this solution in 10 large Erlenmeyer flasks 
were added 30 gm. of pure quartz sand and various amounts of calcium 
sulphate. The sand was used to aid in breaking up the aggregates of 
bacteria when samples were taken for counts. All cultures were incu- 
bated at 20° C., and at intervals of one and two weeks bacterial counts 
were made. The results of these counts are given in Table V. 

Table V*. — Effect of calcium sulphate on the grouih of red clover organism in AMy's 

solution 


^’UJIlbc^ f f yrcanisms per niUc centiaetff 
ol soJutitiii after— 


Treatment. 



! ©day. 

7 days, 

14 days. 


30, 000 
30, 000 
30, 000 
30,000 
30,000 

53, 000, 000 j 
139, 000, 000 
177,000,000 
198, 000, 000 

I 2 I, 000 , 000 

! 

157.000. 000 

425.000. 00 
40D, 000,000 

450. 000. 000 

350. 000. 000 

Given o.oi per cent of calcium sulphate 

.02 per cent of calcium sulphate 

.05 per cent of calcium sulphate 

.10 per cent of calcium sulphate 


The data show that the numbers of bacteria that grow on Ashb) s agw 
were increased by the addition of calcium sulphate. The increase 
very marked after both 7 and 14 days. It should be noted that o.oi 
cent of caldum sulphate is apparently just as efficient in pro 
increase in the number of bactena as is o.i per cent. c- „]ate 
indicate that onl) a trace of calcium sulphate is neede to s 
the legume bacteria. 
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This experinient was repeated, using soil solution in place of Ashby’s 
solution For this purpose i kgm. of Miami silt loam was placed in a 
large container, i liter of distilled water added, and the entire mass 
boiled for one hour. It was next filtered, and 0.05 gm. of dipotassium 
hosphate and i gm. of mannite were added. This was then put into ten 
^00 c c flasks and 30 gm. of quartz sand added. Various amounts of 
calcium sulphate were used. The flasks were sterilized, and when cool 
were inoculated with a pure culture of red-clover bacteria. All cultures 
were incubated at 23° C. At intervals of one, two, and three weeks bac- 
terial counts were made. These results are given in Table VI. 


Table Yl-~-Effeci of calcium sulphate on the growth of red-clover organisms in soil 
solution 


Number of orgianisins per cubic centimeter of 
solution after— 



oday. 

7 days. 

U days. 

36 days. 


180.000 

189.000 

180.000 
180,000 
180,000 

63,000,000 

J3S>C«»,C>» 

!?5,o6o,oco 

IJSfOOOtOOO 

138,000,000 

145.000. 000 

176.000. 000 

178.000. 000 

269.000. 000 
185,500,000 

146.000. 000 

237.000. 000 

344.000. 000 
2e9,ooo,ooo 

262.000. 000 

Given o.m cent of calcium sulpnate 

.oj per cent of calcium sulphate 

. .05 per cent of calcium sulphate 

* .10 per cent of caldum sulphate 


From the data it is evident that the addition of calcium sulphate stimu- 
lates the growth of red-clover organisms in pure cultures to the extent 
of more than too per cent. The results of this test agree with those 
obtained in Ashby’s solution— i. e., that small amounts of calcium sul- 
phate are apparently as beneficial as larger amounts. 

EFFECT OF SULPHUR AND SULPHATES ON HIGHER PLANTS IN 
ARTIFICIAL MEDIA 

Various experiments were made with the view of determining the 
eflect of calcium sulphate and sulphur upon the growth of clover and 
upon nodule formation. This was tested first in artificial media. The 
medium consisted of a soft synthetic agar prepared from 1 liter of tap 
5 gm. of dipotassium phosphate, and 7 gm. of agar. This medium 
was sufSciently firm to support the seeds. Thirty c. c. of the melted agar 
plus various quantities of calcium sulphate were added to each of 50 
test tubes. In order to reduce the individual variation between the 
plants, 10 parallel tubes were used. The tubes were sterilized, and then 
two seeds of red clover were planted in each. After inoculation the 
cultures were removed to the greenhouse. At the end of two weeks 
greater root development was noted in the calcium-sulphate test tubes 
than in the untreated ones. In the older plants the increase in root 
evelopment became most marked. The tops, however, failed to show 
My difference in size. In the tubes to which o.i per cent of calcium 
sulphate had been added, the plants were slightly smaller than the 
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others. At the end of six weeks the plants were removed 
measured. There was a distinct difference in root development 
in Table VII. Plate LVI, figure i, shows very plainly the 
differences in root development. The results indicate that the i 


the I, 
^sshonTj 


in root development is as great with only o.oi per cent of 


phate added as with larger amounts. The test tubes treated ^itk 
calcium sulphate were chosen at random from the calciuni.si]]„[jjj 
series. They appear lighter because of the suspension of small partida 
of the salt in the agar. 

The results of this experiment show that calcium sulphate greatly 
increases root development. However, in concentrations as high asoi 
per cent, growth is slightly retarded. The increase in root development 
may be of considerable importance, first, because it enables the plant to 
reach out over a greater area for nourishment, and second, because of 
the greater field, the plant will be able to withstand drought better and 
thrive on poorer soil. The increase in root development may be the cause 
of the increase in the yield of clover when calcium sulphate is added 
to the soil. This is in confirmation of the work of Hart and Tottingham." 

These results are given in Table VII, which represents the average of 
10 test tubes for each concentration used. 

Table VII . — Effect of calcium sulphate on the groiiih of red clover 


Trwtment. 

Learthoi 

reel. 

lesnlicj 

StOD- 


' Cm. 
3.8 

Cm. 

4 -* 

Given 0.01 per cento! calcium sulphate 

! 5-1 

4.19 

. 02 per cent of calcium sulphate 

5-5 

4-7 

. 05 per cent of calcium sulphate 

5.01 

4.6 

. 10 per cent of calcium sulphate 

1 4.93 

3 ' 3 


EFFECT OF SULPHUR AND CALCIUM SULPHATE UPON CLOVER GROM 
IN VARIOUS TYPES OF SOILS 

The effect of calcium sulphate upon clover grown on Miami silt-loam 
soil was tested. For this experiment ten i -gallon jars were used. Four 
kgm. of Miami silt-loam soil and various amounts of calcium sulpha e 
were added to each. The jars were kept in the 
moisture content held at i8 per cent. Each jar see ^ ^ 

clover and then inoculated with a pure culture of red-clover rg 
After two weeks the jars were thinned to lo plants. 

During the first few weeks there was no apparent , 

of the plants. At the end of seven weeks an *”lof 

3 to 8, inclusive, was noted. In jars 9 and 10, o 
calcium sulphate had been add ed, there was a decrea s^ 

” ~~ iHart. E. B,.«MiTtiMmjli*ni,W.B. Op. 


Four 
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representative plants were removed from each jar. The roots of the 
plants groTO in the sulphate-treated soil were longer and more branched 
than those of the plants grown in the untreated soil. There was an 
apparent increase in the number of nodules grown in the sulphate-treated 
series, except in the case of plants grown on soil to which o. i per cent of 
calcium sulphate had been added. The number of nodules on the above 
plants were about the same as on the plants grown in untreated soil. It 
must be remembered that the plants grown in the soil containing o.i per 
cent of calcium sulphate were smaller and therefore would naturally con- 
tain fewer nodules than the larger plants. Plate I,VI, figure 2, illustrates 
these effects. The plants in group A were taken from the untreated soil; 
B, from the soil to which o.oi per cent of calcium sulphate had been 
added; C, from soil to which 0.02 per cent had been added; D, from soil 
to which 0.05 per cent had been added; and E, from soil to which o.i 
per cent of calcium sulphate had been added. Note the marked increase 
in root development in B, C, D, and even E, where the plants are the 
same size as those in group A; also note that group E, to which 0.1 per 
cent of calcium sulphate was added, and D, to which 0.05 per cent was 
added, show no greater growth than A, the untreated, while groups B 
and C show an increase in top as well as root. The illustration shows 
very distinctly the increase in length of root and also the decrease in the 
growth of the plant under high concentrations of calcium sulphate. It 
is apparent that the addition of 0.02 and 0.05 per cent of calcium sulphate 
gave the most beneficial results. 


Tabce Vlir. Effect of cotcium sulphate on the growth of red clover in soil 


Treatment. 

Number of 
floduJes. 

Averate of 
group. 

Length of 
root. 

Average of 
group. 

Untreated . . 

Cm. 

Cm. 

Cm. 

Cm. 

Do 

9 


6- 5 


Do 


10 

8- 5 

7.2 

Do 




P" «“t of calcium sulphate. . 

29 


0 0 


Do 

33 

31 

10.5 


Do 

51 

34 



cent of calcium sulphate 


1 9-0 

8.0 


Do 

^7 


9.6 


Do 

48 


12. 0 


P^^' of edeium sulphate 

32 

45 


i 8, 5 

9. 0 


Do 

3 ^ 


65 


Do.... 

19 


II - 3 


Cuci^u.. per cent of calcium sulphate. . 


1 II - 5 
7.0 


Do... 



7-5 

7 6 

Do. . 



8- 5 


— — 



7 -S 
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The data in Table VIII show that calcium sulphate docs increase 
growth of the clover within a certain concentration. In amounts bet ' 
0.02 and 0.05 per cent it appears to be most beneficial. The resT 
also show that calcium sulphate increases the root development and the 
number of nodules. 

The effect of calcium sulphate on clover grown on Sparta acid sand 
was tested. Six kgm. of the sand admixed with i gm. of dipotassijji 
phosphate were placed in each of ten i -gallon jars. The composition of 
the Sparta acid sand used was as follows: 

Per cent, 


Potassium 

Nitrogen 

Phosphorus 

Organic matter i, 51 


The jars were kept in the greenhouse and the moisture content held 
at [8 per cent. Kach jar was seeded to red clover and then inoculated 
with a pure culture of red-clover organisms. After two weeks the jars 
were thinned to 20 plants in each. The plants grew luxuriantly, but 
there was no apparent difference in size until the sixth week. In jars 
7 and 8, to which 0.05 per cent of calcium sulphate had been added, the 
increase in growth was considerable, while in jars 9 and 10, to which 
o.i per cent of calcium sulphate had been added, there was no appre- 
ciable increase. The jars to which o.oi and 0.02 per cent of calcium 
sulphate had been added showed an increase in growth, but this increase 
was less than in jars 7 and 8. The green and dry weights of the clover 
were taken. The average weights of the clover are given in Table IX. 


TablS IX.— Effect of calcium sulphate on red clover grown in Sparta add mni 


Wdght of rTop. ' 


Treatmeot. 

Green. 

DiT. 


Gm. 1 
no. 6 i 

Gffl- 
19’ 4 


131, 1 1 



146. 7 

21.7 


168. 5 

24.^ 

.Ot per cent of calcium sulphate 

145-8 

I" 5 

.10 per cent of calcium sulphate 

— 




These results show that calcium suipnate » 

clover grown on Sparta acid sand. The increase. 
to certain concentrations. The greatest increase was obtain 
centrations of 0.02 and 0.05 per cent. 

effect of elemental sulphur on growth of red cl 

For this exr.eiiment ten i -gallon jars, ““^sulptor were 
Miami silt-loam soil, were used. Various . ^isture conto>‘ 

added. The jars were kept in the greenhouse and the mo 
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hdd at 18 per cent. After four weeks these were seeded with red clover 
and inoculated with a pure culture of red-clover organisms. Two 
weeks later the number of plants was reduced to six per jar. There 
was no appreciable difference in the size of the plants until the fourth 
month. At this time those in the sulphur series showed an increase in 
growth. At the end of the fifth month this increase was more marked. 
The leaves of the plants in the jars to which 0.05 per cent of sulphur 
had been added were tinged with red at the edges. The stem also 
showed this red coloration, but to a lesser degree. At the end of the 
fifth month the tops were cut and weighed, green and dry, with the 
results shown in Table X. 


Table X.— Effect of elemental sulphur on the growth of red clover 


Treatment. 

Weight of ernp. 


Green. 

Dry. 

Untreated 

1 Cm. 

1 Gm. 

Given ,01 per cent of sulphur 

25- 3 

6. 25 

.02 per cent of sulphur 

32. 6 


.cs per cent of sulphur 



.10 per cent of sulphur 

34-0 

7. 00 


The sulphur series showed a slight increase in yield. Several of the 
plants died, so that the number of plants in the various jars varied. 
The results therefore are not final. It seems safe, however, to say that 
sulphur increased slightly the yield of clover in Miami silt-loam soil. 
Mter the tops were cut the roots were carefully removed and washed. 
There was no apparent difference in the size or the number of nodules 
in the treated and the untreated series. All of the roots contained a 
great number of nodules. 


{i. Calcium sulphate, when added to a soil, apparently has no marked 
meet on the total number of bacteria that grow on agar plates; nor does 
pr uce any marked increase in ammonification or nitrification. This 
contirms the observations of Fred and Hart.* 

nJl of elemental sulphur cause a decrease in the total 

aTtiTn/f^-c agar plates, but produce an increase in 

arnmnn’ concentrations of 0.05 per cent. This increase in 

The d * ®‘^“mpamed by a parallel decrease in nitrate formation. 

the probably due to the acidity or toxicity produced by 
we oxidation of sulphur. 

Wis, Agr- Eip Sta compaTative effect of phosphates apd sulphates on soil bacteria. 

■ ^““tch Bui. 35 , p. 35-«, 6 Sj. 
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(3) Calcium sulphate stimulates the growth of pure cultures o[ red 

clover bacteria in nutrient solutions and in soil extract. The increase ' 
as great with o.oi per cent as with o.i per cent. * 

(4) The root development of red clover is increased by calcium sulpimj 
0.01 per cent being apparently as efficient in producing this increase ^ 
o. I per cent. 

(5) In small amounts calcium sulphate increases the yield of red clover 
and also the number of nodules. Concentration as high as 0.05 to i pa 
cent, however, produces no increase in growth. 

(6) The application of elemental sulphur to Miami silt-loam soil 
increased but slightly the yield of clover and apparently did not affect 
root development or nodule formation. In producing this slightly 
increased growth 0.01 per cent was as efficient as were higher concentra- 
tions. 

(7) A review of the results of these experiments shows that calcium 
sulphate in soil does not produce any marked effect on the bacteria com- 
monly found on agar plates, but does increase the growth of the legume 
bacteria. It also increases the yield of red clover, which is accompauied 
by a greater root development and a greater number of nodules, 

(8) The addition of sulphur increases the ammonification, but decreases 
nitrification and the total number of soil organisms. It increases the 
yield of red clover but slightly and does not affect the root development 
nor the number of nodules. 




PLATE LVI 

Fig. I.— Red-clover plants, showing the effect of treatment with calcium sulphate, 
The plants in these test tubes show the eontrast in size of root between the treated 
and untreated tubes. The treated tubes were selected from various concentratieus, 
Beginning at the left, tubes i, 3, 5, 7. and 9 are untreated; tubes 2, 4. 6, 8 , and i» 
are of the calcium-sulphate series. Note the decided increase in length of rcct of the 
plants in the treated tubes as compared with those in the untreated. 

Fig. 2,— Group A, untreated; B, o.i per cent of calcium sulphate added to Miami 
silt-loam soil; C, 0.02 per cent added; 0 , 0.05 per cent added ; £, o.i per cent added, 
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